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A STUDY OF STELLAR HYDROGEN LINES AND 
THEIR RELATION TO THE STARK EFFECT 
By C. T. ELVEY anp O. STRUVE 
ABSTRACT 

We have examined the wings of the hydrogen lines in early type stars and have found 
them to be much more extensive than has heretofore been supposed. Spectrograms have 
been taken with Eastman Process plates to obtain high contrast, and with rather short 
exposures in order that the density of the continuous spectrum would fall within the 
range giving the largest deflections when the plate is analyzed with the microphotom- 
eter. Spectrograms taken with several instruments were compared in order to eliminate 
the selective absorptions in the glasses of the optical systems. A comparison of the-spec- 
trograms of a Lyrae, a Cygni, 67 Ophiuchi, and 85 « Herculis shows that in a Lyrae and 
perhaps in u Herculis the red wing of He, 3970, overlaps the violet wing of Hé, X 4102. 
The observations make it doubtful that any of the continuous spectrum between Hé and Hy 
is free from the wings of those lines. In a Cygni and in 67 Ophiuchi the overlapping is 
much less pronounced. 

These very extensive wings of the hydrogen lines indicate the influence of Stark effect. 
This is shown by comparing the hydrogen lines of 85 « Herculis (dwarf), which have 
very extensive wings, with those of 67 Ophiuchi (giant), which have narrow wings. The 
total absorptions of 1/6 in these two stars differ greatly. This may in part be due, also, 
to Stark effect, but it is probable that another phenomenon is present which makes the 
total absorptions of the hydrogen lines larger in the dwarfs than in the giants. 

Two pairs of stars, the first a giant and the second a dwarf in each case, 7 « Aurigae 
—88y Pegasi and 50 a Cygni—24 y Orionis, selected according to total absorptions of 
the hydrogen lines and irrespective of the spectral type, show that the contours differ 
greatly. This is interpreted as being due to Stark effect. 

The overlapping of the wings of the hydrogen lines, possibly as far as Hy, adds a 
complication to the determination of the temperatures and color indices for the stars of 
classes A and B. 

An attempt was made to compute the influence of ionic fields upon the contour of a 
hydrogen line. For the purpose of the computation it was assumed that the undisturbed 
line has approximately the shape of Hy in 30m Leonis. The variation of the absorption 
coefficient in the line was determined as a function of optical depth, on the assumption 
that the pressures are as given in the work of E. A. Milne. For simplicity the absorption 
coefficient of the continuous spectrum, the concentration of absorbing atoms, and the 
temperature were taken as constant. The ratio of the absorption coefficients in the line 
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and in the continuous spectrum was evaluated as a function of optical depth, and the con- 
tour of the line was computed by means of formulae developed by Sir Arthur Edding- 
ton. The result indicates that (1) Stark effect produces an appreciable change in the 
contour: the center of the line is slightly flattened and the wings are greatly widened; 
(2) the total energy absorbed in the line is materially increased; (3) the flattening of the 
line in the center is not proportional to the spread of the wings—this accounts for the 
existence of distinct lines up to the eighteenth member of the Balmer series in Vega; 
(4) the spread of the wings should increase toward higher members of the series, but not as 
rapidly as the simple formulae used previously had indicated; and (5) the wide wings 
observed by us in certain stars agree in extent with the theoretical contours. 

A recent investigation of the contours of several members of the 
Balmer series of hydrogen in the spectrum of Vega, in which we 
found that the lines Hf to Hn, inclusive, had nearly the same con- 
tours, prompted us to a more critical study of the hydrogen lines in 
stellar spectra. The results from the Balmer lines of Vega did not 
seem to conform to the demands of the Stark effect, and since the 
helium lines give unmistakable evidence of the presence of this effect 
in an average star, we felt that there must be another explanation. 
Since the Stark effect manifests itself in the wings of the lines and 
since the absorption line of a star is made up of the absorptions from 
different levels in the reversing layer, we should expect extensive 
wings to be produced by the atoms in the denser layers where the 
ionic fields are large. However, these wings would probably be rela- 
tively faint since the atoms in the upper levels will superimpose an 
absorption line practically free from Stark broadening. 

Before discussing the observations of the extreme wings of the 
lines it will be best to take up the method used in determining the 
contour of an absorption line. The spectrogram is run through the 
microphotometer with such a speed that the photographic density 
is accurately registered on the tracing. A typical density-curve is 
that shown in Figure 1 for the Hy line in the spectrum of 66 a’ 
Geminorum. The next problem is that of drawing the continuous 
background across the absorption line. This, as was recently shown 
by Miss E. T. R. Williams,’ is probably the cause of the systematic 
deviations of the total absorptions among the different observers. 
This is amply illustrated by the following: On the density-curve in 
Figure 1 two positions of the continuous background are chosen 1 
mm apart, which is probably within the range that two observers 
might reconstruct the continuous spectrum. The usual procedure of 


t Astrophysical Journal, 72, 127, 1930. 


——— 


a 


—- tee 


STELLAR H LINES AND STARK EFFECT 279 


reducing the contour was employed for each of the two positions of 
the background, and the results are shown in the contour in Figure 1 
lower right-hand diagram. The reduction-curve, which is obtained 
by plotting the deflections for the standard intensities against their 
relative values expressed in magnitudes, is shown by the curve in the 
lower left-hand part of Figure 1. An illustration of the method is as 
follows: Take a point A on the contour, measure the deflection of 
the galvanometer, 4B=21.0 mm, and then the deflection for the 
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Fic. 1.—Examples of a microphotometric tracing (top), the reduction-curve (lower 
left-hand) obtained from the calibration at the right of the tracing, and the contours 
of the absorption line assuming the two different positions of the continuous back- 
ground across the line in the tracing. 


continuous background, BC,=13.5 mm and BC,=14.5 mm, corre- 
sponding to the two positions chosen. From the reduction-curve the 
stellar magnitudes are obtained for each measurement. The relative 
intensity of point A as compared with the continuous background is 
the difference of the stellar magnitudes, or 0.26 and 0.22 mag., re- 
spectively, for the two cases. This value of the amount of absorp- 
tion, expressed in magnitudes, is readily changed to percentages of 
absorption by means of a curve plotted on semilog paper, the rela- 
tionship on such a plot being represented by a straight line. The 
corresponding values of the intensity of the point A on the contour 
are 22 and 1g per cent of absorption of the continuous spectrum. 
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The resulting contours are shown in the lower right-hand corner of 
Figure 1, the continuous curve referring to the solid background and 
the dotted curve to the background shown by dashes. It is seen 
that there is a marked difference in the contours, the one showing 
much wider wings than the other. Such a displacement of the back- 
ground has very little effect upon the center of the line; a difference 
of 0.04 mag. in /7,, in the vicinity of J,,=2.0 mag. means only a 
change of less than unity in J«,, but when J,, is in the vicinity of 
0.10 mag. the change is nearly four units. The effect upon the width 
of the line is a change from 60 A for the continuous contour to 47 A 
for the dotted one, at a position of 5 per cent of absorption. The 
large systematic differences among various observers for the total 
absorptions of the hydrogen lines are easily accounted for since the 
wings of the lines have a great influence on the total area of the con- 
tour. The total absorptions for the two contours given in Figure 1 
are 18.0 and 15.3, expressed in Angstroms of complete absorption of 
the continuous spectrum. The area of one contour is 18 per cent 
larger than that of the other. The value of 18.0 A, obtained by using 
a background as shown by the continuous line, corresponds closely 
to the value of 17.90 A by Elvey,’ determined from the same spectro- 
gram but from a different microphotometric curve. 

Since the wings of the lines play such an important part in deter- 
mining the total absorption, we have attempted to measure them 
with considerable accuracy. The hydrogen lines are usually deep, 
and in order to obtain the residual intensities of the centers of the 
lines it is necessary to overexpose the continuous spectrum. This 
seems to have been the case in all former investigations on this sub- 
ject, and, in consequence, the outermost wings have usually been 
cut off too close to the central wave-lengths. It appears that much 
better results for the wings can be obtained by neglecting the cen- 
ters of the lines altogether, and by adjusting the exposure time in 
such a way as to obtain maximum efficiency for measurements of the 
wings of the lines. The differences of intensity to be measured are 
quite small, and in order to make them as evident as possible we 
have obtained several spectrograms on Eastman Process plates with 
the single-prism Bruce spectrograph. The exposures were shorter 


t Tbid., 71, 191, 1930. 
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than the normal, and the development was prolonged so as to in- 
crease the contrast. The spectra of two stars were obtained in this 
manner: 50 a Cygni, which is a supergiant of class A2 and has very 
narrow lines, and 3 a Lyrae, a typical star of class Ao having very 
wide hydrogen lines but sharp and faint metallic lines. As far as we 
can tell from our spectrograms of a dispersion of three prisms these 
two stars are practically free from axial rotation perpendicular to 

















Fic. 2.—Microphotometric curves of spectra of a Cygni (top) anda Lyrae. Between 
the two curves is the contour of the selective absorption band of the glass of the optical 


system. The curve for a Lyrae has been corrected for this band. 


the line of sight. The microphotometric tracings of the two spectro- 
grams of these stars are shown in Figure 2. One at once notices the 
marked differences between the two spectra, especially in the extent 
of the wings of the hydrogen lines. On this scale the hydrogen lines 
in a Cygni appear to have no wings, while in a Lyrae they are very 
extensive. Before it is possible to determine the extent of the wings 
the effect of the troublesome absorption band near A 4200, owing 
to the optical glasses of the telescopic and spectrographic systems, 
must be eliminated. The continuous background of a Cygni can be 
drawn with considerable precision, and from the tracing we obtain 
the contour of the absorption band. Its value is taken here from the 
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Process plates since the values given by Elvey and Zug’ were ob- 
tained with the use of Eastman-4o plates. The contour of this band 
is shown between the two microphotometric tracings in Figure 2. 
The central absorption amounts to 0.13 mag. With the use of the 
reduction-curve for the tracing of the spectrum of a Lyrae we are 
able to reconstruct the background, freed from the selective absorp- 
tion of the glass. This is shown by the dots on the tracing. We have 
put in a continuous background for the spectrum of a Lyrae, using as 
a guide the general trend of the background for the spectrum of a 
Cygni. The background, as we have drawn it, is tangent to the curve 
at one point between Hy and H6, which indicates that the wings of 
the lines extend nearly to each other, and perhaps even overlap. It 
would be possible to draw the background in such a way that it 
would touch more of the continuous spectrum between Hy and the 
point of contact shown, but this would make it necessary to place 
the maximum of intensity of the continuous spectrum farther to- 
ward the violet, and would also cause the contour of Hy to be asym- 
metrical. As it is, we have placed the maximum for a Lyrae con- 
siderably to the violet of that for a Cygni. Such a shift is justified 
since the temperature of a Cygni is thought to be about 3000° lower 
than that of a Lyrae. Atmospheric scattering can be neglected since 
the spectrograms of both stars were obtained under about the same 
conditions (the same night and both stars at high altitudes). 

The contour of Hy for a Lyrae has been reduced from the micro- 
photometric tracing, and is shown in Figure 3. The wings of the 
line were obtained from spectrograms made on Eastman Process 
plates and are shown by the dots. The core of the line is obtained 
from Eastman-4o plates since the magnitude range of this emulsion 
is greater than that of the Process plate. As was shown before, small 
errors in the placing of the continuous background, when it is rather 
dense on the spectrogram, make very little difference in the inten- 
sities of the parts of the line where the absorption is large. These 
measures are shown by circles; and it will be noticed that the points 
join satisfactorily and show that it is possible to determine the con- 
tour of a line by the use of different plates for the core and for the 
wings of the line. 


t Tbid., '70, 243, 1929. 
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The contour of Hy in a Lyrae, as reproduced, shows that the 
wings of the line extend to 80 A on either side of the center at an in- 
tensity of 1 per cent of absorption of the continuous spectrum. This 
is about twice the extent heretofore recorded for this line. The curve 
drawn through the points is a simple exponential curve of the form 
I=I, e~**—™), where [,=85 and k=0.077. 

In order to have a spectrum free from the selective absorption of 
glass we used the Zeiss doublet of six-inch aperture, made of UV 
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Fic. 3.—Contour of Hy in a Lyrae. The dots were obtained from a spectrogram on 
Eastman Process plate and the circles from an Eastman-4o plate. The ordinates are 
percentages of absorption and the abscissae are Angstrom units. The curve is of the 
form J=I, e—k(A—e), where Jo =85 and k=0.077. 


glass and equipped with a 30° and a 15° prism (combined to give 45°) 
of UV glass, to obtain objective-prism spectra of a Cygni and a Ly- 
rae. The microphotometric tracings of these two spectrograms are 
shown in Figure 4. It is seen from the tracing of the spectrum of a 
Cygni that the absorption band at \ 4200 due to glass is absent. 
However, there is a band farther to the violet, beginning at about 
d 3900 and extending to Hd, d 3734. This is perhaps the cyanogen 
band with the head at \ 3885, but there may, also, be present some 
absorption in the glass. 

In the spectrum of a Cygni there is very little evidence of over- 
lapping of the wings of the hydrogen lines until the higher members 
of the series are reached. On the other hand, in the spectrum of a 
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Lyrae the overlapping is definite for the lines to the violet of 6, 
and it is uncertain that any of the spectrum between Hy and /H6 is 
free from the wings of those two lines. 

In determining the relative temperatures of two stars such as 
a Cygni and a Lyrae from the distribution of the energy of the con- 
tinuous spectrum we see that if points to the violet of Hy are com- 
pared, a considerable uncertainty enters, owing to the fact that in 
the case of a Lyrae the original background of the continuous spec- 
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Fic. 4.—Microphotometric tracings of objective prism (45°) spectra with a UV 
camera of a Cygni (top) and a Lyrae. In a Cygni the lines are narrow and there is no 
overlapping of the wings of the hydrogen lines till the higher members of the series are 
reached. In a Lyrae there is a confluence of the wings of the lines to the violet of /76. 


trum is not measured. Thus, if the temperature of a Cygni is taken 
as known, the temperature of a Lyrae is found to be too low, and if 
a Lyrae is taken as the standard, then the temperature of a Cygni is 
too high. Likewise, the color indices of the class-A stars with ex- 
tensive hydrogen lines will be larger than for those with narrow lines. 

For further tests of the extensive wings of the hydrogen lines we 
were fortunate in having two spectrograms taken by Struve with 
the Coudé spectrograph of UV glass in connection with the too-inch 
telescope, for a study of the Stark effect in the helium lines. The two 
stars whose spectra were used are 67 Ophiuchi, a giant of spectral 
type Bs, and 85. Herculis, a dwarf of class B3. Microphotometric 
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tracings of these two spectra are shown in Figure 5. In the spectrum 
of « Herculis the Stark effect is very pronounced, as is shown by the 
fact that the helium lines of the diffuse series are wide and diffuse 
while the lines of the principal series are sharp. In 67 Ophiuchi, on 
the other hand, the lines of both series are sharp, which indicates 
that Stark effect is almost absent. It will be noticed in referring to 
Fig. 5 that the hydrogen lines of 67 Ophiuchi are much narrower 
than those of « Herculis. The wings of the lines of the latter star are 
so wide that it seems almost certain that those of Hé and He overlap. 

The contours of 6 in these two stars (Fig. 6) differ primarily in 
total absorption, the giant having a much weaker line than the 
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F1G. 5.—Microphotometric tracings of spectra of 67 Ophiuchi (top) and of 85 « Her- 
culis made with the Coudé spectrograph of UV glass of the Mount Wilson Observatory. 


dwarf. The wings of the hydrogen lines in « Herculis are much wider 
than those for 67 Ophiuchi, as the Stark effect demands, but the dif- 
ference in total absorption makes it difficult to compare the two 
lines. The consequences will be discussed in the theoretical part of 
this paper. 

The contours were plotted on semilog paper (Fig. 7), where the 
ordinates are ratios of J/I, and the abscissae are Angstrom units. 
The contours of the absorption lines, especially of hydrogen, have 
been observed to have the form of a simple exponential curve, which 
is a straight line when plotted as above. The plot in Figure 7 shows 
that the central parts of the line fall on an exponential curve of the 
type J =I, e~**—™); but toward the wing of the line there is a break 
showing that the contour follows some other law. 

The difficulty encountered above in the case of « Herculis and 67 
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Ophiuchi, where the total absorptions were so different as to make 
the lines practically incomparable, suggested that a more definite 


result might be obtained by comparing lines with approximately 
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Fic. 6.—Contours of Hé in 67 Ophiuchi (dots) and in 85 « Herculis. The ordinates 
are percentages of absorption and the abscissae are Angstrom units. 
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Fic. 7.—The data of the contours in Fig. 6 are plotted on semi-log paper, the ordi 
nates are ratios of J/Jo, and the abscissae are Angstrom units. Iota Herculis is on the I 
left and 67 Ophiuchi is on the right. 


equal total intensities. If the number of atoms present is the sole 

agent responsible for the widening of the line, then two contours with 
equal total intensities should be identical, irrespective of the ab- 
solute magnitudes of the stars. On the other hand, Stark effect de- 
mands a definite change in the shape of the contour, depending upon 
the atmospheric density or the absolute magnitude. 
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We have shown in a former investigation’ that the H line in the 
spectrum of 7 e Aurigae has a contour which approaches very closely 
to the theoretical contour of an absorption line as given by A. Un- 
sild.2 Most of the hydrogen lines in stellar spectra do not have a 
contour similar to the theoretical one. We have chosen for compari- 
son the contour of H® in 88 y Pegasi. This line has about the same 














rom sx > 
oad O¢ ee se 
i Qo Dad Y, 
L eis % hae 2 
~ > - 
me M6 ee 
20 eae — -4 
a 
a ¥ 
a 
40 De ae 4 
p 
\ ; 
60 sal 
Q pb 
80 | P 4 
ce > 

| 

100 y l 1 

—10 —§8 —6 —4 —2 fe) +-2 +4 +6 +8 +10 


Fic. 8.—Contours of 78 in the spectrum of 7 e Aurigae (circles) and in 88 y Pegasi 
(dots). The curve for 7 « Aurigae is the Unséld contour showing that there is no broad 
ening of the line due to axial rotation or to Stark effect. The contour for 88 y 
Pegasi shows a broadening which is interpreted as that of Stark effect; rotational 
broadening is absent, as is shown by other lines in the spectrum which are not appre- 
ciably influenced by electric fields. 
total absorption as the one in 7 € Aurigae (Fig. 8). The star 7 € 
Aurigae is known to be a supergiant, and the density of its atmos- 
phere is very low; hence the chance of an absorbing atom being in 
the neighborhood of a charged particle is very small, that is, there is 
little Stark effect. On the other hand, 88 y Pegasi is known to show 
a large Stark effect} in the helium lines, and it is quite reasonable to 
suppose that the ionic fields should show their effect on the hydrogen 
lines. The difference in the shapes of the two contours (Fig. 8) is 
obvious, and it agrees very closely with that demanded by the theory 
of the Stark effect, as is illustrated in Figure tro. 

1Q. Struve and C. T. Elvey, Nature, 125, 308, 1930; Astrophysical Journal, 71, 136 
1930. 

2 Zeitschrift fiir Physik, 44, 793, 1927; 46, 768, 1928. 

3 Struve, Astrophysical Journal, 70, 85, 1929; ibid., p. 237, 1920. 
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To give another example we have taken the contour of Hy in 50 
a Cygni, a supergiant of spectral class A2, and compared it with the 
same line in a star of class B, 24 y Orionis, which shows the Stark 
effect. The contours are given in Figure 9 and were determined, as 
were those of Figure 8, with the aid of Eastman Process plates to 
obtain the faint wings of the lines. 
| It seems to us that the evidence is conclusive that the contour of 





a line affected by Stark broadening is very different from one which 
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Fic. 9.—Contours of Hy in a Cygni (dots) and in y Orionis (circles). The continu- 
ous curve is the Unséld contour for NHf=5Xt10'7. The line in y Orionis shows a 
broadening which is due to the Stark effect. 


originates in an atmosphere where the charged particles, or ions, per 
unit volume are few. 
THEORETICAL CONSIDERATIONS 
It is a well-established fact that the contours of the hydrogen lines 


in stars cannot be reproduced by the Schuster-Schwarzschild ap- 
proximation in which is used the absorption coefficient applicable to 





gases witn “radiation-damping.’’* Speaking broadly, the observed 
lines are usually shallower in the center and wider in the wings than 
the “‘Unsdéld contours.’’ This departure from theory was explained 
by A. Unsdld? and by Struve’ as being due to Stark effect produced 
| *Unsild, Zeitschrift fiir Physik, 59, 353, 1930; Elvey, loc. cit. 


2 Op. cit., 59, 353, 1930. 3 Astrophysical Journal, 69, 173, 1920. 
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by perturbations in the radiating atoms caused by the fields of neigh- 
boring ions. The behaviors of the helium lines in stellar spectra have 
given us considerable confidence in the existence of an appreciable 
ionic Stark effect in the reversing layer of early type stars. It is 
therefore, a priori, probable that the hydrogen lines will also be 
found to be subject to Stark effect. 

Several investigators have attempted to study the Stark effect by 
means of the hydrogen lines. Unsdld* has shown that in the solar 
spectrum the Balmer lines give contours in agreement with the de- 
mands of the Stark effect. The stellar data has been scrutinized by 
Elvey’ and by Miss E. T. R: Williams,’ and their results appeared to 
confirm the existence of a large Stark effect. On the other hand, a 
recent investigation by Miss C. J. Anger? has been only partially 
favorable to this hypothesis. It is therefore necessary to investigate 
the theory of the hydrogen lines in greater detail than has been done 
heretofore. 

We may start by summarizing the observational data: 

1. Contrary to expectation, the central intensity of the Balmer 
lines does not decline from Ha toward the higher members of the 
series. In the majority of stars of early type the intensity changes 
very little from Ha to He and then gradually decreases toward the 
limit of the series. 

2. The great number of Balmer lines in absorption observed in 
stellar spectra has been regarded as fatal to the hypothesis of an 
ionic Stark effect. Over thirty hydrogen lines were observed in ¢ 
Tauri by R. H. Curtiss.’ In a Lyrae we have observed eighteen 
members. Even in stars known from the appearance of the helium 
lines to show the Stark effect there is a large number of hydrogen 
lines in absorption. 

3. The shapes of the contours of the hydrogen lines differ appreci- 
ably from the Unséld curve. Elvey found empirically that a simple 


OP Cit., 59, 353) 1930. 

2 Loc. cit. 

3 Harvard College Observatory Circular, No. 348, 1929. 

4 Paper presented at Chicago meeting of the American Astronomical Society, Sep- 
tember, 1930; Harvard College Observatory Circular, No. 352, 1930. 

5 Publications of the Astronomical Observatory of the University of Michigan, 3, 256, 1923. 
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exponential function, J=J, e~*°—™), fits the observations satisfac- 
torily. In the preceding section of this paper it has been shown that 
dwarfs have flatter contours and more extended wings than giants. 

4. The wings are very pronounced in the dwarfs and nearly absent 
in the giants. In a Lyrae the wings of He and of H6 overlap and 
those of Hy approach dangerously close to the wings of H6. 

5. The total amount of energy absorbed is a function of absolute 
magnitude for any given spectral subdivision,’ and of temperature 
for any given absolute magnitude. Miss Anger has suggested that 
the phenomenon associated with absolute magnitude may be due to 
an increase in the total absorption produced by Stark effect. 

6. The total absorption has a tendency to increase from Ha to 
He, decreasing from there on toward the limit of the series.’ 

7. The width of the lines was formerly believed to change little, if 
at all, along the series. We now know that this refers to the core of 
the line alone. The wings overlap for most stars with strong hydro- 
gen lines beginning about H6 (supergiants are excepted), and there is 
no information available concerning their extent. 

It is evident that the simplified treatment of the Stark effect fora 
gas at uniform pressure’ does not account for all of the observed facts. 
The existence of eighteen members of the Balmer series in a star 
which would naturally be expected to show Stark effect is particular- 
ly startling. In the laboratory the higher members of the series in 
emission blend together at comparatively low pressures and form a 
continuous band even when the lower members are not greatly 
broadened. By analogy we might be led to expect that the absorp- 
tion lines of a star would behave similarly. The discrepancy obvi- 
ously arises from the fact that in the laboratory we are dealing with a 
gas at constant pressure and temperature, while in the reversing 
layer of a star the pressure varies from something like 10" atmos- 
pheres at the top, where the chromosphere sets in, to a value of 107? 

«Payne and Williams, Monthly Notices of the Royal Astronomical Society, 89, 526, 
1929; Elvey, op. cit., 71, 205, 1930; Anger, Joc. cit; see also a dissertation by Yngve 

Ohman, Meddelanden fran Astronomiska Observatorium U psala, No. 48, 1930. 

2 This may, however, be different, if true total absorptions could be measured for 
the higher members. 


3 Astrophysical Journal, 69, 173, 1929. 
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atmospheres, where the opacity of the material is great enough to 
cut off the light of the underlying sections. 

Our problem consists of determining the theoretical contour of a 
line subject to Stark effect in an atmosphere in which the pressure 
increases with depth. This involves the application of an absorption 
coefficient that varies with depth. We shall adopt the method of Sir 
Arthur Eddington’ with all the reservations and assumptions in- 
herent in this type of problem, as stated by him in the first part of 
his paper.’ 

Let us define by / (a function of \) the mass-absorption coefficient 
within the line; by x, the mass-absorption coefficient of the continu- 
ous spectrum applicable both inside and immediately outside the 
line. We shall assume that « is independent of \, which is justified 
since we are concerned with a comparatively narrow range of X. 


Following Eddington, we designate 


and 


T= — ( Kpdr , (2) 


so that 7 is the optical depth for light just outside the absorption 
line. If the absorption coefficients in the line and outside of it are 


given per unit of length, we have 


c=lp, 


y=kp, 


where p is the total density. Consequently 


* Monthly Notices of the Royal Astronomical Society, 89, 620, 1929. 

2 In other words, we adopt Eddington’s ‘“‘very special case in which the number of 
atoms in an excited state is conditioned wholly or mainly by the line that is being 
studied” (zbid., p. 634). This limitation is unfortunate but cannot be avoided. There 


are, however, reasons for believing that actual lines do form as described above. 
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But the absorption coefficient in the line per unit of length is 
o¢=Cigo(A—A)N’ , 
where N’ is the number of absorbing atoms. Similarly, 
Y=C.N , 


where NV is the number of all atoms and C, may itself be a function 
of NV. Consequently 
Cig(v) N’ 


as aN (4) 
n Cc. nN 4 


and is a function of the concentration of absorbing atoms N’/V. 
This ratio depends upon the conditions of ionization in the star. The 
concentration has a maximum somewhere within the reversing layer, 
but for simplicity we shall assume that V’/N is constant throughout 
the atmosphere. This simplifies the computations greatly, since 
otherwise it would be necessary to use Milne’s ionization formulae 
in the expression for 7. 

Our next step is to fix the absorption coefficient of the continuous 
spectrum, «x or y. Milne" has investigated it, and has shown that in 
all probability 


(5) 


where ~’ denotes the electronic pressure at any level. However, the 
simple assumption 


x = Const=x (6) 


has given fair results in his discussion of stars of type A, and while 
there is considerable evidence in favor of equation (5), we shall adopt 
x = Const since it tends to simplify the computations. Consequently 


nr~wl~r~o, 


and it is the variation, with optical depth, of the absorption coeffi- 
cient in the line that we wish to investigate. 


t Monthly Notices of the Royal Astronomical Society, p. 17, 1928. 
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Since by assumption k=x, we may directly apply Milne’s expres- 
sion for the optical depth as a function of the pressure, 


K K 
r=- 2p'=-P; (7) 
g g 


here g is the surface gravity (the variation of g with T is, of course, 
neglected), p’ is the electronic pressure, and P is the total pressure. 
We shall now specify the line under consideration. Suppose that 
we are dealing with Hy in Sirius. Then g=1.04X101 cm/sec.’; 
T =11,000°. Milne gives for r=1/3: po =2.9X103 dynes/cm’?; k= 
0.61 cm?/gr. We compute P from (7) as a function of r (Table I). 


TABLE I 
" ial cm? F Are 
O.Oscok se-esn a 0.00 O €@.S.U. 0.0A 
Re eee 0.08 X 104 27 1.6 
oh Saeorieer ae r7 37 a 
SAB Gay axe) rats tac . 34 58 4.8 
Ay eo 51 70 4.0 
vitae «vee aes 038 93 5.6 
oe 0.85 107 6.4 
dia a0 setae Poa I.02 121 a 
PRE patente @ 37% 1.19 134 8.0 
Oe 1.360 140 8.8 
Oi Oe 6a.o ss ees r.&3 158 9.5 
PA eines xcs I.70X104 1609 10.2 


To each pressure there corresponds a certain definite value of the 
average field strength,’ 


F=( 


p’(atm.) \?/3_ / P(dynes) \?/3__ —" ; 
\3.5X 10 2] =| : 7) = (0.13P) ° (8) 


7.0 X10 


The results of the computation are shown in column 3 of Table I. 
A field, F, splits a line into components, the distance from the 


normal wave-length being given by 





3hd2F tal ; 9.2X10 "A2F ro 
= —n,) —N(N.—N,)|=————- WV. 
an 82?mEc [m(m,— Mm) WV, ] E (9) 


* Astrophysical Journal, 70, 90, 1929. 














204 C. T. ELVEY AND O. STRUVE 


In this case E=e. For the expression, M, depending upon the quan- 
tum numbers, we use average values as computed by M. Vasnecoff.* 
In other words, we make the assumption that the line splits into 
two components’ symmetrically spaced with respect to Abo. 


Line M 
ee ee ere 4 
Bs vdkirtnnokdciewehe 10 
ie dss Big pach es oe ea 18 
Py eres pees 28 


From (9) we find that for Hy the split in a field of 1 e.s.u. (at 1 cm 
distance) is AA=o.06 A (on both sides of \,). Since AX ~ F, we com- 
pute the values of AX for the various fields given in Table I. The 
average splitting of Hy due to the Stark effect is zero at the top of 
the reversing layer and reaches a value of more than ro A at an opti- 
cal depth of 1.0. 

Within each layer of optical thickness Ar we have all possible 
field strengths present. An infinitely small field has a probability of 
zero, since to each radiating atom there is at least one charged par- 
ticle at finite distance, producing #>o. Similarly, the probability 
is zero for an infinitely large field. The frequency-curve of F, there- 
fore, approaches zero asymptotically at F=o and at F=a. Be- 
tween these limits the frequency is greater than zero, reaching a 
maximum somewhere for a finite value of F. With Unsdéld’ we shall 
assume that the probability of a given value of F, corresponding to a 
splitting between AX and AX\+dA), is 


II ae (=<) al a" 


1 Vestnik Kral. Ces. Spol. Nauk, 2, 1927. 

? The real patterns of the Stark effect are, of course, much more complicated. Thus 
Hy has a fairly strong central component which remains undisplaced in electric fields. 
Perhaps it would have been better to consider in our computations a line like H6 which 
has no appreciable central component. One might expect to find a difference in the con- 
tours of hydrogen lines having central components and hydrogen lines without central 
components. This should be tested in the laboratory. 


3 Op. cit., 59, 366, 1930. 
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The absorption coefficient in the line at a distance of AX from \, is 
proportional to this quantity divided by dAX: 


AXe 2/9 
= sles 3 2 
o=Ae (an) a(o* : 
Ay} dAxr 
An3/2 — (2) 3! is 
=A ui e Na)” =CN'o(A—2) . 


The constant A, which is independent of AX, will be determined from 
actual observations. 

Let us consider the physical meaning of o. The atoms in the re- 
versing layer absorb quanta of energy /v. As long as v does not differ 
much from v,, the quantum of energy is practically constant all along 
the contour of the line. Introducing Einstein’s coefficient of prob- 
ability for absorption, B;;, we have’ 


L 


*  BylwN Ar—e *) | 
{ oi=" is = = Const. (11) 


According to this, the integral of the absorption coefficient is inde- 
pendent of the form of the function ¢ in a. In the reversing layer the 
pressure varies with optical depth, consequently the form of ¢ varies 
also, but the value of {odd remains constant. 

We have made the assumption that «= Const, and consequently 
n( =[1/x]=[o/p]) depends upon / only, and varies because of Stark 
effect, as a function of r. At the top of the reversing layer P =o and 
Stark effect is absent. In a supergiant star the pressures are low 
throughout the reversing layer, and approximately 7 = Const for all 
ralues of 7. If we find a star which we believe to be very luminous, 
and consequently little disturbed by Stark effect, we shall have a 
reversing layer with a constant value of 7, which value will apply to 
7 =o of all other stars. Given such a contour for a very luminous 
star, we can directly apply the formulae of Eddington? and derive 
N--o from 

[,__ 1+1.15) i+n (12) 
Io t+n+1.151 ttn . 
tR. C. Tolman, Statistical Mechanics, p. 175, 1927. 


2 Monthly Notices of the Royal Astronomical Society, 89, 624, 1929. 























290 C. T. ELVEY AND O. STRUVE 


This formula neglects the fraction of the radiation which is not re- 
emitted by the absorbing atoms, but is lost by superelastic collisions. 

We have chosen as a standard a contour similar to that of Hy in 
the star n Leonis. This line resembles the theoretical contour of Un- 
sold,‘ and we have slightly modified it by making the central ab- 
sorption a little greater. We shall assume that a supergiant star of 
class Ao has a contour as given in Table II. Column 3 contains the 
values of 7 derived from formula (12). They apply to all optical 


TABLE II 

A—)o Iv/To n 

"Ne 0.10 126 

RF eas doa te Sheeran 20 30 

Bose dwubd pele 40 6 

Be isk ib, 5 Sie 6 FS tee 60 2 
DA scala Sety tab Sas bcei ore Br a 1.0 
Bd led 4.% .50 0.6 
Dat rasan die, aly .O7 ~35 
Oe ork BS -Q2 . 20 
‘5... 94 .15 
20... 90 Pe | 2 | 
ee .98 05 
BO. cc ccc neces rece 0.99 03 
ao ee ae I.00 0.00 


depths of our supergiant, but only to r=o for a star of average 
luminosity. Since Y=Const and {od\=Const, we have also 


{ nd\ = Const. 


In an average star where the pressures increase with 7, as shown in 
Table I, Stark effect modifies 7 =(¢/yY) as shown by (10). We have 


fndn es {odd ‘ 


We substitute o from (10). The right-hand side, after integration, is 
2 (A/y). The expression on the left is obtained by a graphical inte- 
gration of the values of 7 given in Table II. The constant A/y is 
thus determined. Substituting it into 7 =(o/w), where the functional 
relationship of o to AX is given by (10), we compute the data of 
Table III. 

The table indicates in a crude way how 7 changes with 7. In 


t Zeitschrift fiir Physik, 44, 793, 1927. 
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reality the change is probably more gradual. Thus in the center of 
the line the table shows a sudden drop from 126 to o. In reality the 
undisturbed value of 7 is gradually replaced by that effective for 
Stark broadening. 

Our next step is the determination of the contour of the line. Ed- 
dington has given formulae for the determination of the residual in- 
tensity /,/I, if n varies according to the law 

I —_ 
I+” ~ 
TABLE III 


a+ Br. (13) 


A-—A 

| T=0 7 T=1.0 

fe) | 126 0.0 0.0 0.0 

Bo eeah rained: 30 ° .O fe) 

is. winieceelel dees O BS 0.9 I 

ene Pa Cen e 2 10.2 3.5 0.5 

4 1.0 II.7 6.7 2.7 

Teer 0.0 10.0 5.4 2 

Pais Korte 35 5.3 Os2 0.5 

BOS stesso. nee 20 4.5 5-4 6.0 
ERa)s he ee cl08 IS 5 3.7 3.90 
Ms 6 a wha aes IO I.I r.0 1.9 
30 05 >. 3 0.0 0.9 
fe) .03 I 3 5 

50 .0O I 2 on 
Oe ia dalecs oOo .@) I oe 
WOcicsvaes oOo Oo 12) I 
50 0.00 0.0 0.0 0.0 


This law does not coincide with the actual variation of 7 with 7,and 
it is hoped that Eddington’s formulae may be extended to cover a 
type of variation, 7=/(r), similar to that shown by Table III. In 
the meantime we must be satisfied with a very rough approximation. 
Let us arbitrarily suppose that between two fixed values of 7 (i.e., 
7,=0 and 7r,=0.7) 7 varies according to (13). Then a and 8 are 
determined for each value of AX from the real n’s of Table III; and 
the corresponding point on the contour is found from Eddington’s 


formula, 


fs 
—V ta(2+ 8)( 
_ : ‘ Mx) (14) 
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where A, and K, (= 
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— K¢) are Bessel functions, the argument being 


x=V 12 a/$’. We have computed the contour for two cases, viz.: 


(1) T,=0, 72=0.7; and (2) 7,=0, 7,=1.0. The results are summa- 


rized below, and the first case is shown graphically in Figure 1o. 


TABLE IV 














I,/Ie 
A—)o With Stark Effect 
No Stark 
Effect 

T2=0.7 Ta =1.0 

oA.. 0.10 0. 36 0.28 

Bocca-pid. cot alaharounle PS. eee 20 45 55 

: ee Oe ee ee 60 ae CEC eT eee 
a ie at hme Has, BLA ears 05 605 
Meals gig tener ds dO hee: swe tears 
ERs: wiae en oa oS e Q2 .00 75 
ror 0.96 75 0.8 
fe) [.00 
20 0.80 
a — 
i — 
—— 
z —~ : Se 
I% 40 Ties a 0.60 J, /T 
60 | \ 0.40 
50 4 0.20 
100 0.00 
-15 —I0 —5 ° +5 +10 +15 A 


Fic. ro.—Changes in the contour of an absorption line of hydrogen due to the Stark 


effect. The assumed contour (dotted) is similar to Hy in 30 » Leonis, a supergiant 


Normal pressures in a stellar atmosphere produce Stark effect which changes the contour 


to that shown by the continuous line. 


It should be noted that near the center of the line (A—A,<2.8 A 
for r=0.7) we have 8>o, and this is the case investigated by Ed- 


dington. Although for large values of 7 the value of y from (13) be- 


comes negative, Eddington has shown that this does not materially 
affect the results. For \—A, >2.8 A we have B<o. In that case 7 in 
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formula (13) becomes discontinuous at rt =(a/@) and it is not at once 
apparent that equation (14) is correct. However, at \—\,=2.8 A, 
where 8 =o, we know the slope of the contour and the values com- 
puted from (14) for \X—A, >2.8 A agree with the extrapolated curve. 
For large values of \—X, we may obtain a check by another method. 
Since 7 varies but slowly in the wings, we may assume that in the 
surface layers of the atmosphere n =o, but beginning from a certain 
value of 7, n=Const. Applying Eddington’s formulae for a star 
where the absorbing material does not extend to the surface,’ we 
obtain the following results, under two assumptions concerning the 
critical values of 7: At the point \X—A,=20 A, n=o for o<r<o.2 
and 1.6 for 0.2<r<« gives 0.79 for the residual intensity, and if 
n=0 for o<7<o.3 and 1.6 for 0.3<7<«, the residual intensity is 
0.75. At the point \X—A,=30 A, n=o for o<7r<o.2 and 0.64 for 
0.2<T<© gives a residual intensity of 0.90, and if n=o foro<r< 
0.3 and 0.64 for 0.3<7<%, the value is 0.86. The results are not 
very sensitive with respect to the critical value of r. The means, J = 
0.75 at \—A,=20 A, and J=0.88 at X—A, =30 A, agree well with 
the computation made above for a variable coefficient of absorption. 

The following conclusions may be drawn from Figure to: 

1. Normal pressures, as given by Milne from the ionization the- 
ory, produce appreciable Stark effect and modify the contour of 
Hv very markedly. 

2. The total energy absorbed in the line increases with Stark 
effect.” 

3. The general character of the computed line, as deformed by 
Stark effect, resembles the observed contours and approaches the 
exponential curve more closely than does the undeformed line. 

4. If we had taken, in the undeformed line, a central intensity 
closer to zero, we should have found very little flattening in the 
center of the deformed contour. In fact, if in the undeformed line 

t The Internal Constitution of the Stars (German ed.), p. 425, formulae 236.2 and 236.3, 
1928. 

2 This possibility was suggested to us in conversations with Dr. Th. Dunham, Jr., Miss 
Payne, and Miss Anger. It is also evident on general grounds. Consider two absorption 
coefficients, o; and o2, and let the one be distributed over a narrow region of \ while the 


other is flat and broad. We have from formula (11) fodd= fordd. But the contours are 
given by J:=f(o:) and J,=f(o2). It is clear that in general { J:dd\ ¥ { Idd. 








0S ah ASE: Semen ARES eco 








riage nie 


300 C. T. ELVEY AND O. STRUVE 
I,=o0, for \—\,=o and for r=o, then J,=o for the deformed con- 
tour also. This is due to the low pressures of the gases at the top of 
the reversing layer, and they satisfactorily account for the great 
number of Balmer lines observed in stellar spectra. 

5. Since the Stark effect increases with the serial number we 
should expect that the total absorptions of successive members of 
the Balmer series would not decline as rapidly as do the intensities 
of the emission lines in the laboratory spectra." In fact, we may even 
have an increase in total absorption with serial number. 

6. In the dwarf stars the spread of the wings is greater, and the 
total absorptions should be greater, than in the giants. 

7. A comparison of the observed contours of H6 in the spectra of ¢ 
Herculis and of 67 Ophiuchi with the theoretical ones of Figure 10 
shows that it is not possible to convert the line of 67 Ophiuchi into 
that of « Herculis by Stark effect alone. In addition to Stark effect 
there must be present another cause which changes the total ab- 
sorption. It is possible that the departure from thermodynamic equi- 
librium discovered by W. S. Adams and H. N. Russell does not 
equally affect giants and dwarfs. 

8. In Figures 8 and g we have shown the observed contours in two 
pairs of stars, the one being a supergiant and the other a normal star 
or a dwarf. The total absorptions in each pair are approximately 
equal in order to eliminate the phenomenon mentioned in (7). It will 
be seen that the contours of both pairs resemble those derived theo- 
retically (except for the scale in abscissa). 

g. Since the total absorption increases with the Stark effect, this 
factor will have to be considered in comparing the observed relative 
intensities of the hydrogen lines with a theory of thermal ioniza- 
tion.? Stars of the same atmospheric density but of different tem- 
peratures will show an increase of total absorption with the 
temperature since there are a larger number of ions (greater Stark 
effect) at the higher temperatures. 

YERKES OBSERVATORY 
October 1930 

* This effect, combined with the one described in our earlier paper on Si 11 lines 
(Astrophysical Journal, 72, 267, 1930), may give a distribution of intensities wholly 
different from that observed in emission. 


2 Elvey, op. cit., 71, 191, 1930. 
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ON THE VARIATION OF THE INTENSITIES OF SPEC- 
TRAL LINES IN a? CANUM VENATICORUM 
By A. MARKOV 
ABSTRACT 


The results obtained by various observers have been compared. The following conclusions 
may be drawn: (1) Of 147 spectral lines 100 vary in intensity, while 37 appear to be con- 
stant within the precision of the estimates. The constant lines are among the faintest 
known in this star. (2) The variable lines may be grouped into three classes: class I has 
maximum intensity of the line when the brightness of the star is at minimum; class II 
comes to maximum at the same time when the light reaches maximum; and class III 
shows two maxima. There are comparatively few lines of class III. (3) It is probable 
that the double maximum of the lines of class III is produced by the effect of blending of 
two lines of classes I and II, respectively. (4) Estimates of the intensity of certain lines, 
e.g., 4128 and 4131, suggest that the amplitude of the variation as well as the mean 
intensity change from one epoch to the next. This may be due to variations in the 
intensities of long period. (5) It is probable that the period of the variation in line in- 
tensity has decreased since it was discovered by Belopolsky. 

A large number of the more conspicuous faint lines of a? Canum 
Venaticorum are known to vary in intensity with a period of 5.5 
days. However, the total amplitude of this variation is so small that 
it is difficult to assign to it a numerical value, or to measure it ac- 
curately. For this reason I have attempted to compare the results 
obtained by various observers. ; 

My own work on this star was started in 1926 from plates taken 
by A. A. Belopolsky at Pulkovo. The results were in good agreement 
with the earlier estimates of Belopolsky’ and of C. C. Kiess.? The 
more recent results of Miss C. J. Anger’ are also in excellent agree- 
ment with the Pulkovo observations. However, I was able by my 
method of estimates to note certain facts which were not recorded by 
Miss Anger, probably on account of the smaller dispersion of her 
spectrograph (one prism as against three at Pulkovo). In addition 
to the changes of short period there seem to exist variations in the 
intensity of certain lines having a long period. 

The intensities of the lines, or rather their conspicuousnesses, have 


t Bulletin de l’ Observatoire Central de Pulkovo, No. 70, 1915; Bulletin del’ Académie Im- 
périale de St. Petersbourg, No. 12, 1913. 

2 Publications of the Observatory of the University of Michigan, 3, 1923. 

3 Astrophysical Journal, 70, 114, 1929. 
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been estimated by the various observers at Pulkovo in different 
ways. Belopolsky used no comparison scale and depended on a men- 
tal scale. He denoted a strong line by 5 and its absence by o (on 
spectrograms of 1913-1915). V. A. Rossovskaya proceeded in very 
much the same manner (plates of 1915-1918). B. P. Gerasimovic 
compared the stellar lines to those of a constant scale (plates of 1915- 
1916). This I was able to ascertain from his original records. 

My own determinations of intensity cover the years 1913, 1914, 
1919, and 1920. At first I estimated on a certain scale the intensities 












4 
es 


’ $ ——+ ‘ 
— ee eer oe ee 
Fic. 1.—Relation between the estimates of Markov (abscissa) and: (1) Belopolsky, 
(2) Gerasimovié, (3) Miss Anger (difference in the intensity expressed in stellar magni- 
tudes), (4) difference in the density of the continuous spectrum and the line obtained at 
Pulkovo. 





of a selected list of lines marked by Belopolsky as variable. To these 
I gradually added other lines which also appeared to vary. However, 
I soon found that better results could be obtained by comparing the 
lines on each plate to a standard spectrogram of the same star serv- 
ing as a scale. The most conspicuous line on the standard scale was 
arbitrarily assigned an intensity of 10. Absence of a line was de- 
noted by o. The intermediate lines of the scale were calibrated by 
direct estimates. All estimates were made by the method of E. C. 
Pickering, which I have previously used in similar photometric 
problems.* 

In order to obtain results independent of the scale I also estimated 
the intensities of all lines visible in the eyepiece of the Zeiss spectro- 
comparator against \ 4131 as a standard. The curves which I ob- 


t Determination of the brightness of certain details on the moon: Astronomische 
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tained agree very well with those of Belopolsky. The line \ 4128 due 
to Si 11 was found to vary with respect to \ 4131 also due to Sz 11. 

Finally, I have also measured with the Hartmann microphotom- 
eter the difference in the photographic density of certain lines and of 
the adjoining portions of the continuous spectrum. Figure 1 shows 
the relationship between my comparisons made with the scale (ab- 
scissa) and the determinations of the other observers, including those 
of Miss Anger obtained with the Moll microphotometer.' 

From duplicate estimates of the same lines on a single plate I 
found that the precision of my estimates is +0.7 divisions of my 
scale. However, the evaluation of line intensities from different 
plates taken in close succession yields a larger probable error. This 
must be due to differences in the photographic density of the in- 
dividual plates. In order to minimize this source of error, I have 
given half-weight to all plates taken with exposure times greatly 
differing from the average, which was about one hour. 

The results for some of the lines are shown in Figures 2, 3, and 4. 
The lines are here divided into three classes: Those of Figure 2 show 
a pronounced minimum near phase 2—3 days, while those of Figure 3 
have a maximum not far from this phase; finally, those of Figure 4 
show two maxima and two minima. For comparison I have also 
included in the diagram several curves obtained from the estimates 
of Gerasimovié. They agree well, in shape and amplitude, with those 
obtained from my estimates. The following lines belong to class I: 
4003, 4128, 4129 (?), 4131, 4174 (2), 4201, 4234, 4261 (?), 4297 (?), 
4304 (?), 4326, 4353, 4404 (2), 4416, and 4481. Only one of these 
lines completely disappears, according to Belopolsky. To the second 
class belong the following lines: 4130, 4132, 4290, 4168 (?), 4483. 
The following lines were found constant within the precision of my 
estimates: 4010, 4033, 4044, 4076, 4078, 4125, 4165, 4171, 4172, 
4178, 4414, 4415. The line at 4013 seems to vary, but it is difficult 
to fix the class of variation. 

Figure 5 shows the appearance of a portion of the spectrum from 
about A 4120 to A 4135 at four phases. It will be seen that the rela- 
tive intensities are very different. 

t Curve 3 in Fig. 1 is based upon material published by Miss Anger, as well as upon 


unpublished data which Miss Anger has kindly sent to me at my request. 
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Fic. 2.—Intensity variations for lines of first class, by Markov (A) and by Gerasi- 
movié (B): (1) \.4128; (2) 44131; (3) 44481; (4) and (8) A 4233; (5) \ 4201; (6) 44261; 
(7) 44129; (9) A 4123; (10) A 4253. 


VARIABLE INTENSITY OF STELLAR LINES 305 


In Figure 6 I have shown the ratio of the intensity of \ 4128 to 
\ 4132, obtained without scale and with scale. It will be seen that 
the curve obtained from the plates of 1923-1914 differs from that of 
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Fic. 3.—Intensity variations for lines of second class, by Markov (A) and by Gerasi- 
movié (B): (1) 4 4205; (2) and (6) A 4290; (3) and (5) A 4132; (4) and (7) A 4130. 


1919-1920. If this is real, it indicates a secular change in the relative 
intensities of these two lines. This point should further be tested by 
means of accurate spectrophotometric measurements. I have also 
the impression that in June, 1920, the following lines were more in- 
tense than usual: 4049, 4128, 4131, 4133, 4165, 4168, 4172, 4234, 
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4201, 4290, 4297, 4304, 4326, 4353, 4384, 4415, 4408, 4481, while no 
change in the intensity was noted for the following lines: 4123, 4125, 
4129, 4130, 4174, 4178, 4201, 4205, 4414, 4404, 4483. The lines 4261, 
4396, 4359, 4384, 4405, 4415, were greatly widened at the same time. 
The unusual character of this star is further evidenced by the dis- 
covery of bright lines in 1927 and 1928 which were not formerly 
noticed in this star. This discovery was due to Belopolsky. 
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Fic. 4.—Intensity variations for lines of class III: (1) \ 4077 (Gerasimovi¢); (2) 
4077 (Markov); (3) \ 4446 (Gerasimovi¢); (4) \ 4356 (Gerasimovié). 


The lines of class III with double maximum are probably due to 
the effect of blending of a line of class I with a line of class II. That 
this is really the correct explanation may be seen from Miss Anger’s 
curve for the line 4131. This is a line of class I, but on her diagram 
there is a second diffuse maximum corresponding in position to the 
place where the lines of class II usually reach maximum. It is evi- 
dently due to the fact that on her plates \ 4130, belonging to class IT, 
was not completely resolved from \ 4131, thus accounting for the 
double maximum. It is very probable that a similar explanation 
holds in all cases where double maxima have been observed. 

A word may be added concerning the value of the period. In re- 
ducing my observations I used Belopolsky’s period, 5.4705 days. A 
comparison of the curves for 1913-1914 and for 1919-1920 shows a 
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TABLE I 


SUMMARY OF LINES OF a? CANUM VENATICORUM 
> VARIABILITY 


TO TYPE O} 


LINES DEFINITELY BELONGING TO THE GIVEN TyPE 
Cras. | (ITALIcIzED Lines ARE ACCEPTED BY 
ALL OBSERVERS 


I 3848.90 Tb (5), 3853-9 (5), 3942.35 Tb 

(4201) (5), 3954-21 Tb (5), 3977.0 Tb (5,) 

| 3982.1 (5), 4002.73 Tb (5), 4033.20 Tb 

| (5), 4055.2 (7), 4075-76 (2), 4078.9 (7); 

4122.92 (2), 4128.25 Si II, V (2, 5),* 

4131.27 Si II, Ma (2.5),* 4201. 16 Tb 

(5), 4232.98 Tb (5) Fe (2), 4260.64 Fe 

| (2), sanz Tee ts), pose Som Tb (s) 

| 4284.06 (3), 4303.46 (2), 4326 Tb (5), 

| 4352.06 Ma, Cr (2), 4383.72 Fe (2), 

4403.35 (2), 4410.99 (7), 4480 (3), 

4481.40 Ma* (2) 453° (3), 4555-4 (7), 
4621.6 (5), 4558.6 Cr, La (5) 


II | 3788.8 (5), 3819.80 Eu (5), 3933-7 Ca (7), 
(A 4130) 3978.60 Eu (5), 3898.90 Eu (5), 


3907. 29 Eu (5), 3925-3 (5), 3930.66 


Eu (2), 3945. ; bright (7), 3958.0 (5), 
| 3972.06 Ex (5), 3988.9 Ds (7), 3001.4 
Ds (7), 4046.88 4065.4 bright (7), 


(7), 
pedo bright (7), 4085.84 Eu (5), 
4092 (3), 4099.3 (5), 4117 (3), 4129.93 
Eu (2), 4132.4 (2), 4134.7 bright (7) 


| 4143 (3), 4167.41 (7), 4181 (3), 4185 

(3), 4205.20 Eu (5), 4207 (3), 4213 (3), 
4221.6 bright (7), 4261.9 (7), 4269.3 
(7), 4288.42 3) grows Ma (2), 77 
(5), 4330 (3), 4386.97 (3), 4407:8 (7), 
4 


43 5.78 Eu Ss 4444 (3), 4445 (3), 
4448.2 Te (5), 4483 (6), 4522.6 Eu (7), 
4592.6 Eu, Te (s) ), 4912.5 Eu (5) 


Ill 4077.06 (2), 4356 (3), 4446 (3) 


Variable | 4044 (3), 4088 (3), 4407.8 (II or III type, 
5), 4415 (3) 
Constant| 4000.4 Ds (5), 4019.2 bright (7), 4023.2 


bright (7), 4024.6 Ti (7), 4046.4 (7) 
4049.25 (8), 4058 (3), 
4063.49) (5), 4063.86 Fe 


* Lines with a possible secular change in the character of 
brackets indicate the different observers to whom the w 


bility are due. The notation is as ri cig 1) A. Belopolsky, 1913; (2 


Rossovskaya; (5) C. C. Kiess; (6 Markov; 


simovit; (4) V. 


4062.0 Tb (5), 
(5), 4071 (3), 


4050.3 La, Ds 
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DouBTFUL LINES 


4072.94 (2) 


4129 (6), 
4179.1 (7), 
4294 (3) 


(I type), 
4144 (3) 
4151 (3), 
4293 (3), 
4450.4 (3) 


ay 
230 (3) 


4157 (Il tyne? 


3), 4253 CU 
type? 3) 


4973 (3), 
4171.05 (II type? 
2), 4173-72 Fe 


their periodic variation. 
ave-length, the identi&ocs ition, and the type of varia- 


A. Belopolsky, 


pitt 
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NUMBER 
nite | Doubt- 
Definite bel 
34 4 
46 5 
3 2 





The numbers in 


1915; (3) B. Gera- 
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TABLE I—Continued 


LinES DEFINITELY BELONGING TO THE GIVEN TYPE 
CLAss (ITALICIZED LINES ARE ACCEPTED BY 
ALL OBSERVERS) 


DoustFut LINES 


NUMBER 


Doubt- 


Definite ful 





4077.9 Yt, Ds (5), 4111 (3), 4124.98 Yt | 











Constant (II-III type ? 
| (5), 4146.2 Ds (5), 4163.81 Fe (5), 2), 4308 (III 
4168.6 bright (7), 4172.19 Tb (2), type? 3), 
4177.94 (2), 4187 4 La (5 ps — 3 (7), | 4176.6 (3), 
4214 (3), 4228 (3), 4272 r (3), | 4368 (II 
4375 (3), 4305 (3), a. : brisk it (7), | type? 3), 
4400 (3), 4404.95 Fe (2), 4414.5 (5), | 4370 (II 
4471-14 (3), 4473-29 (3), 4493-5 (7), | type? 3), 
4515-5 (7), 4520.2 (7), 4534.30 Tb (5) | 4386 (I type? 
| 3), 4456 (III 
type? 3), 
4462 (II type? 
3) 
Bley rks yeaa a aeaeihs BOE a DARREL OR oa 
TABLE 
VARIABILITY OF LINES IN DIFFERENT ELEMENTS 
Element | See ee 
SER | RR ARE Te” UNE EPs | 1e eae ena GREY otha tan occa toc are: 
Wey ee oe eae BR Ci ae ae Se ea 
LES RR Oy gen So OUR AD ge 3 BY We Nad sheet heen ieee 
EE ee See eats. aw 5 Ra ele aaa Cs aia ream eh 
Beda re inci sc Seioateic «Lan en nero ae od Eee rtaces 
RS BORA ROIS eeY, SEV Pee Sah « Serer eee eyes 
OE one ee “1 Oe OR ener <a thee, (Semen. 
LE Sane ee SMS) Sen ren Ae Ie DE eee, ee 
Ee eaee eee! ee 2 TS, ‘Steen ee 
_ SEE ae ee Cy, CR eee, oe ( Seeetee erat see renee 
NE eS Fc hei en csite ti Nic welehayi eet 5 Ys eee 


to 
> 
tS 
w 


Total 


W hen two differ srent elements have bee : assigned to the same spectrum line without expressing a pref- 


erence, this line is entered twice in Table I 
* 4172.19 Tb and 4534.30 Tb. 


t 4128 and 4131 of Sin. Kiess points to the existence of three Si lines in the ultra-violet section of the 
spectrum which he does not consider to be variable. Belopolsky identifies Ma and V with the two first Si 


lines. 
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Fic. 5.—Relative intensities of lines in spectrum of a? Canum Venaticorum be- 


tween A 4123 and A 4133, at four different phases. 
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Fic. 6.—Ratio of intensity of \ 4128 to \ 4131 for: (1) 1919-1920 without scale 
(2) 1919-1920 with scale, (3) 1913-10914. 
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slight shift, suggesting a change in the period amounting to —0.co10 
+0.0005 day. A similar correction to the period is obtained by com- 
paring my observations with those of Gerasimovié. From eight lines 
I find the following correction: —o.0o10 +0.0005 day. If we as- 
sume that this is due to a real change in the period, we obtain by 
extrapolation for 1927-1928 a period of 5.4678 +0.0008 days. This 
agrees well with the latest value given by Belopolsky, 5.4687 days. 
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Fic. 7.—Effect of blending upon the curve of intensities for \ 4131 


In Table I, I have given a summary of all lines observed by vari- 
ous observers in a? Canum Venaticorum, according to the class of 
variation shown by each. It was possible to assign 124 lines to a 
definite class, while 23 lines remained doubtful. The number of lines 
definitely attributed to class I is 34, while the number attributed to 
class II is 46. In Table II, I have arranged the lines according to 
element. It will be seen that all lines attributed to europium belong 
to class II, while all lines attributed to terbium are of class I, except 
two which are regarded as constant. 
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MAGNITUDES OF SOUTHERN COMPARISON 
STARS FOR EROS’ 
By F. H. SEARES, B. W. SITTERLY, anp MARY C. JOYNER 
ABSTRACT 


Magnitudes, photographic and photovisual, have been determined for 300 southern 
comparison stars for Eros (Table IV, mag. 7-10) and 74 bright extra stars (Table V, mag. 
5-7.) Scales and zero points were established by polar comparisons and strengthened 
by connecting plates. Screen exposures give added weight to the brighter Eros stars 
and provide data for the extra stars. 

Mean color index and spectrum.—The mean color index for Ao stars (Harvard spec- 
tra) is —o.14 mag. Colors for F, G, and K stars are less than those found by King, 
Parkhurst, and Seares (Table XI). The presence of dwarfs may account for part but 
not all of the differences. 

Comparison with Yerkes measures —One hundred and twelve of the stars have been 
observed by Ross and Zug. Agreement in zero points is good, but scale divergence is ap- 
preciable for both photographic and photovisual magnitudes (Table VII). A large acci- 
dental difference MW — Y= +0.19 for photographic magnitudes was traced to a pro- 
gressive change in zero points. Two independent series of //W polar comparisons are 
accordant (Table LX), while comparisons of color indices for stars of the same spectral 
type in different fields indicate that the discordance is to be apportioned between MW 
and ¥ in the ratio of 3 to 7 (Table X). This assumes the types to be free from error. 

Comparisons with Harvard magnitudes.—Provisional formulae for reduction to the 
international system (Tables XII, XIII) were derived for visual measures by Pickering, 
Wendell, and Bailey in 7.A. 14, 24, 44, 45, 46, 70, and 74. The color coefficient varies 
with the observer, instrument, and apparent magnitude of the star. Comparisons with 
magnitudes in the Draper Catalogue which were derived from Durchmusterung cata- 
logues—the SDM, CD, CPD (Table XV)—show no scale divergence and only small 
zero-point differences, in striking contrast with the 34 per cent divergence found by 
Ross and Zug for the BD. 


I. THE OBSERVATIONS 

The International Commission on Solar Parallax asked the Com- 
mission on Stellar Magnitudes to provide for the determination of 
the magnitudes and colors of the comparison stars’ of Eros for the 
opposition of 1930-1931. Dr. F. E. Ross and Mr. R. S. Zug of the 
Yerkes Observatory consented to undertake the measurement of the 
northern stars and to extend their observations as far south as ob- 
serving conditions would permit; the limit actually reached by them$ 
is —17°. The stars south of the Equator have been observed with 
the to-inch Cooke triplet at Mount Wilson. 

t Contributions from the Mount Wilson Observatory, Carnegie Institution of Washing- 
ton, No. 415. 

2 Kopff, Astronomische Nachrichten, 224, 387; 226, 33, 1925. 

3 Astronomische Nachrichten, 239, 289, 1930. 
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The Mount Wilson photographs, all taken by Sitterly, consist of 
three series: 

A. Polar comparisons, 15 photographic and 15 _photovisual 
(Table I); 2 exposures on the field, 2 on the pole, arranged in a sym- 
metrical order. The spacing of the centers is such that each plate 
includes about half the stars shown on each of the adjacent plates. 

B. Centers and exposures as in A, with a wire-gauze screen ab- 
sorbing 3.01 mag. in front of the objective. 

TABLE I 


FIELDS AND PHOTOGRAPHS FOR SERIES A AND B 


| SERIES A SERIES B 
FIELD a 1930 | 5 1930 ————e 
Pg. Pv. Pg. Pv. 
I roh24™2 |— 2°36’ | April 1g | April 19 | April 19 | April 19 
2 7 ey « 6 | 18 | March 29 20 25 
3 7.7 8 14 | March 26 26 24* 22* 
4 13.5 rr 2 | April 18 | April 18 22 22 
es, 8.8 E? SI a 17 20 20 
0. 4.7 160 40 25 I 22 22 
oe Q 50.7 18 58 I 25 20 20 
ee 51.6 22 8 25 | March 27 | March 27 | March 27 
Q. 45-5 24 16 | 25 26 25 | April 20 
IO. 34.9 26 38 March 24 24 24 | March 2 
II 46.0 25 24 25 25 25 | April 19 
12 Be 24 46 27 27 27 | March 28 
13. IO 0:7 23 54 20 20 20 20 
EE eet: ar.3{ 27 24 April 22 20 28 28 
15 31.4 |—22 23 March 29 29 24 24 
* Additional Pg. and Pv. plates were obtained on April 25. 


C. Connecting plates, 13 photographic and 13 photovisual (‘Table 
II); centered on points midway between the centers for A and B; 
one exposure with screen, one without. Field 10, at the point where 
the motion of Eros changes from retrograde to direct, is connected 
by a single plate with both fields 9 and 11. 

The screen exposures strengthen the determination of magnitudes 
for the brighter comparison stars and extend the investigation to 
still brighter objects (extra stars) not included in the list for Eros. 
Several plates of the pole, each with and without screen, determine 
the screen constant. 

Exposures for photographic magnitudes were 2™ on Eastman 40 
plates, with the aperture reduced to 6.5 inches to sharpen the images 
near the edge of the plate (4X5 in.); for photovisual magnitudes, 





a 
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4™ with the full aperture on Cramer Iso Presto plates through a 
yellow filter (MWr). 

With few exceptions each star occurs on at least two polar com- 
parison plates of series A and two connecting plates of series C. In 
the region of fields 9, 10, and 11, additional exposures are available, 
and throughout the list many of the brighter stars are recorded by 
both screened and unscreened exposures. Finally, the extra stars 
measured on the screen exposures of C have an independent scale 
and zero-point determination in the polar comparisons of series B. 

TABLE II 


PHOTOGRAPHS FOR SERIES C 


Fields Pg. Py. Fields Pg. Py. 

ia .| March 28 | March 24 || 8,9 coesces| ADMD “2 | Ape 2 
2,3 26 26 9,10,11 ....| March 25 | March 25 
EB seca Vins Spe sea April 1: | April 1 N02. + scc0 sr 28 | April 17 
Ra roe aldok, enaheeo 17 18 $S:99..... : 29 | March 29 
Re saith nein March 28 | March 28 13,14........| April 2 | Apnl 1 
Cy pare April 25 | April 19 14,15........| March 24 | March 24 
ye: SE OR. ae I I 


2. PROVISIONAL REDUCTIONS 

The plates were measured (series A and C by Sitterly, B by Miss 
Joyner) with a low-power microscope provided with a scale of star 
images placed at the common focus of eyepiece and objective. 
Scales a and b were used for series A and C: a with large images to 
the right for the first measurement, }) with large images to the left 
for the second. Series B was measured twice with scale 0, in the 
direct and the reversed position. For series A and B the order of 
measurement of polar and field images was inverted for the second 
series of settings. The adopted scale readings are the means of four 
estimates, two on each of two images for each star. 

Scale readings were transformed into magnitudes by means of the 
international standards,’ reduced to the color system of the 1o-inch 
refractor by the formulae? 


Pg..=Pg—o.19C, Po,,=Pd, 


* Transactions of the International Astronomical Union, 1, 71, 1922. 
2, Seares and Humason, Mt. Wilson Contr., No. 234; Astrophysical Journal, 56, 84, 


1922. 
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where Pg, Pv, and the color index C refer to the international sys- 
tem (the same as that of the 60-inch reflector). Stars 5-17, 2r-or, 
2s, 4s, and 6s were used for series A. For B, 4 and rr were also re- 
quired. Both scale and zero point adopted for the results of this 
paper depend on the adopted magnitudes of these stars. 

The magnitudes of field stars on the polar comparison plates were 





found by plotting polar magnitudes against scale readings and using 
the resulting curve as a relation applicable to the field stars on the 
same plate. Corrections for differential atmospheric extinction be- 
tween field and pole were obtained from Table XII, page xxxvi, 
Mount Wilson Catalogue. Distance corrections had to be determined : 
from the observations; for the provisional reduction they were neg- 
lected. 

The provisional magnitudes of field stars from the A plates were 
used to reduce the plates of series C, each of which gave two curves, 
derived by plotting scale readings against provisional magnitudes 
for the two fields covered by the plate. Were it not for instrumental 
and observational errors, these curves would be identical. As it is, 
accidental, and especially plate and zero-point, errors affect the 
curves, and their differences may be used to determine the errors. 

Since each curve depends on a separate determination of the zero 
point, the mean ordinate difference of the curves includes the zero- 
point errors and should show an accidental distribution of algebraic 
signs from plate to plate. The ordinate differences actually found 
from plate pairs 1,2; 2,3; 3,4; etc., of the photographic series, taken 
in the order field 1 —field 2, field 2—field 3, etc., down to field 10, 
were all positive and equal to about 0.4 mag. For fields 10 to 15 the 
differences were less conspicuous but still systematic. The corre- 
sponding differences from the photovisual plates were much smaller 


and relatively unimportant. 


3. PLATE CORRECTIONS 
Since the centers of the fields connected by a C plate are in oppo- 
site halves of the plate, these large systematic differences in the 
curves indicated an unusual plate error affecting the Eastman 4o 
negatives, positive in one half of the plate and negative in the other | 





t Publications of the Carnegie Institution of Washington, No. 402, 1930. 
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half. The cause seems to be an error in the centering of the lenses 
of the Cooke triplet which seriously affects the photographic rays 
but has little influence on the light transmitted by the yellow filter. 

The determination of the corrections which harmonize the results 
was greatly facilitated by a manuscript copy of the Yerkes magni- 
tudes kindly supplied by Dr. Ross. Differences Y—MW were 
formed for each of the hundred-odd stars common to the two series 
of observations for each of the Mount Wilson plates on which it 
occurred. These differences were grouped according to magnitude 
and entered on diagrams at points corresponding to the positions of 
the stars on the plates. Since the Yerkes magnitudes had been cor- 
rected for plate errors, the difference between the value of Y—-MW 
for any point on the plate and its value at the center is the correc- 
tion to be applied to the Mount Wilson magnitude. 

Provisional corrections were thus found for a zone 2° wide, extend- 
ing across the plate along the path of Eros. These were strengthened 
and extended to other parts of the plate with the aid of the Mount 
Wilson measures. Let m, and m, be the uncorrected magnitudes of 
the same field star obtained from two polar comparisons. In the 
absence of other errors, the value of m,—m, will be the difference 
in the plate errors for the images from which m, and m, were ob- 
tained. If both images are within the region for which provisional 
corrections are known, m,—m, may be used to revise these correc- 
tions; if only one image is within this region, the difference leads to 
the correction for the outside point. Actually both m, and m, are 
affected by zero-point and ordinary accidental errors; but with 
abundant material the zero-point errors become accidental and only 
the mean error for the entire series of polar comparisons enters into 
the final smoothed corrections. 

Since the correction depends on the size of the image as well as its 
position on the plate, separate tables were prepared for the magni- 
tude limits <8, 8-9, g-10, and >10 for both photographic and 
photovisual results. The corrections are all asymmetrical with re- 
spect to the center, especially so for mag. 8-10 on the plates of the 
photographic series, for which the corrections range from about 
+o.5 to —o.3 mag. in opposite halves of the plate. The change with 
brightness near the tenth magnitude is rapid, particularly in the 
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northern half of the field, and failure to use the exact value of the 
correction may have introduced a slight discontinuity into the scale 
of the adopted photographic magnitudes at this point. A similar 
irregularity may also affect stars near the eighth magnitude, where 
the transition from one group to the next is not well determined. 
The corrections to the photovisual results are smaller than those re- 
quired by the photographic magnitudes, show less asymmetry with 
respect to the center of the plate, and present some resemblance to 
what might normally be expected in the way of a distance correction. 


4. COLOR COEFFICIENT FOR I10-INCH COOKE TRIPLET 

After the correction tables were completed, all the results from the 
A plates were revised as a preliminary to re-reduction of series C. 
Before proceeding with C, however, the plots of polar magnitudes 
used in forming the reduction-curves for series A were examined for 
evidence bearing on the color coefficient of the 10-inch Cooke triplet. 
Any error in referring the international standards to the color sys- 
tem of this instrument must show as a systematic difference between 
the plotted points for red and blue stars in respect to their deviations 
from the adopted reduction-curve. The mean of these deviations 
from all the curves was formed for each standard star for both photo- 
graphic and photovisual results and compared with the aid of the 


relation 
x+Cy=A, 


where A is the mean deviation and C the color index, and where, 
further, y is a correction to the color coefficient, 0.19, originally used 
to refer the standards to the system of the 10-inch telescope, and x 
a correction to the magnitudes necessitated by the fact that any 
error in the coefficient used affects the zero point. Incidentally, x 
also takes care of any systematic error in the position of the curves 
with respect to the plotted points. 
Least-squares solutions gave 
x y 


a —0.036 (Photographic) 
EMINEM oS av 6% "arasuiss ciel —o.026 (Photovisual) 


The second value of y is unreliable and has been disregarded; the 
other corrections were adopted. The revised color coefficient of the 
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1o-inch triplet for photographic magnitudes is therefore 0.19— 
0.0360 =0.154. 

For the present, however, the values of x alone need be considered. 
These were applied to the magnitudes of the field stars as read from 


TABLE III 
CLOSING ERRORS AND ZERO-POINT CORRECTIONS 


(Unit =0.01 mag.) 


SERIES A AND C SERIES B 





SERIES C 
— Series B 
FIELD Pg. Py. Pg Pv. 
o Corr. | @ Corr ’ Corr. o Corr Pg Pv 
I (+21) fe) +18 elt Oo l— 1 i+ 3 
(—24)}......]4+ 2 37 (5) — 18 (5) ate 
2 = 9 |-F 2 ce: oy Carer 9 |+15 |+12 
— 3 — 3 .../—12 (1) BOER IAL: ax dee bounce Pate one 
Sy poe see — J Oars ° Oo i+ 4 
+ 2 - 4 j n/a Rauiisc, =. avsea’e Sisal eto een 
Aes — 4 =a “~'6 — 3 (~ig j= 5 
ee eo eee —10 13 (4) ae Gigs Se a 
5 Bee oy aes) oe =—T4 ay ose i i a eet 
+ 4 +14 32 (2) — 38 (1) ees ee eee 
6. ee + 6 —s) feE Paces — 2.|~—2%—<§ 
foe 2 reer ° 23 (5) ret SCAN lace Zcboe sect 
” | +9 — | ES faacs +1/—2/+7 
— Oto ak a COTY Pe Py err ee ers Y 
8 + I — 6 — 6 +15 |— g |-— 8 
J, et Seon ° + g (4) — 6(2) ache waicanaere 
Q. .| + 6 — 6 + 3 It 9 o|— 4 
: a ey 2) eee +12 - 4(1) oe tal Sse ea eee 
IO. — I ve + 6 — | BA +oi+t1i{— 3 
Ge + 1 + g (4) CAN bid Jb ea. a bale « 
II rhea — I + 7 + 8 — 8/+ 2/\+ 2 
S| ak ere — 1 + 2(5) ont ESP fi cctcte nutes 
12 1 7 + 6 10 |.... = Bp, © fan a 
a} an ee — 2 12 (4) |.. — 2(4) ee erie Poe 
13 — 4 + 4 al ecove[ 80 [— gi 4 
= ae ah (aera oe ae Pe 10 (5) SS a ti) a ees Monee ee 
oF ear pee ress — 6 + 5 eat © | Sea aol 7 Ps Tes 
— 5 ..a.|— 2 , - § (2) RE CRD 45 5 xa Reto eke an 
oe —II lt 3 ° ol—7\|+ 8 
Sissies +28 | +31 |+30 |+33 +56 |.......-/46 |-+22 |+39 
me n* "|| mg | gb [= 27 [3s SQ |...---001 47 [56 [— 8 
Means ...|...... ° ° + ° anaes o|—2|-—1 


the reduction-curves of the polar comparison photographs, which 
were then corrected for plate error and used for the final reduction 


of series C. 
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5. ZERO-POINT ADJUSTMENT 

The mean differences in the ordinates of the reduction-curves for 
the C plates were again formed, with the results (unit =o.0o1 mag.) 
shown under the heading ¢ in the second and fourth columns of 
Table III. The order, as before, is field 1 — field 2, etc., and the num- 
bers themselves, approximately at least, are differences in the zero 
points for successive fields as determined by the polar comparisons of 
series A. The comparison for field 1 is clearly defective; but other- 
wise what in the photographic series first appeared as a persistent 
positive difference of 0.4 mag. is now reduced to a few hundredths, 
with a satisfactory alternation of signs. The distribution of signs is 
not quite accidental, but except for the discordant field 1, the sums of 
positive and negative differences are in good balance. 

Since for measures free from all error ¢ should be zero, the values 
in Table III may be regarded as closing errors in the equations of 
condition 


a7" 21=0; 23— 22=0, Cté., 


and used to determine corrections to the zero points 2:, 22, 23, etc., 
which will satisfy these conditions. The formulae for the corrections’ 
are 

17,= +k, Sete ane 

“ma —k, +, iT age —ki +i, ’ 
v =—k,+k, is = —Riy ’ 


where the 14 correlates k are defined by 


+ 2k, —k, +9 = O's 
—k, + 2k, —k; +9, =O, 


— Rt 2k1;— ku t+G13=0 ’ 
—k,,+2k1, +$4=0, 


Mt. Wilson Catalogue, p. xxiii, 1930. 





ee 
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in which the ¢’s have the successive values entered in Table III. 
The solution is given by 


15ki,+2nd,=0, 
Ri, +kiutA ld, =O, 


Us = —Ry,, Vig = Vis —Pirgy 2 2 © v,;=V2— G1 , 


with v7, = +h, and Xv, =o as check formulae. 

The results are in the third and fifth columns of Table III. The 
difference ¢, in the second column was disregarded in calculating the 
corrections. This in effect rejects the zero point given by the photo- 
graphic polar comparison for field 1. The correction used for this 
field, +21, reduces the magnitudes to the zero point of field 2. 

The adopted corrections were applied to all magnitudes which 
depend on the polar comparison for the field in question. Thus the 
correction for field 3, —6, was applied to the results from the A 
plate for this field, to those from the second reduction-curve for the 
C plate 2,3, and to those from the first curve for C plate 3,4. 


6. MEAN MAGNITUDES FOR COMPARISON STARS 

To the results thus collected were added those from the screen 
images of the comparison stars in so far as they appear on the. C 
plates. These images were treated exactly as the others, except 
that 3.01, the reduction constant of the screen, was subtracted from 
the magnitudes read from the curves. The mean of all the results 
for each star represents the final magnitude, photographic or photo- 
visual, referred to the color system of the 1o-inch Cooke triplet. 

In forming means the results from a single plate were in general 
given unit weight. The two or three values obtained from the C plates 
for each star were combined, since the same mean scale reading was 
used for both. Results from screen images, however, were treated 
as independent measures of unit weight. 

The mean magnitudes have still to be referred to the international 
color system. Since the small coefficient found in section 4 has been 
disregarded, the correction for photovisual results is zero; and since 


Pg..=Pg—0.154C , 
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No 


2 
me 


where C is the color index referred to the international system, the 


reduction formula for photographic results is 
Pg=Pg.+0.182Cw , 


where C,,, is the color index observed with the 1o-inch triplet. Final 
results, all on the international system, are given in Table IV. Spec- 
tral types from the Draper Catalogue or from Harvard Bulletin No. 
871 appear in the last column. 
7. RESULTS FOR BRIGHT STARS 

The 74 bright extra stars measured on the plates of series C were 
treated in the same way as the comparison stars for Eros. The re- 
duction constant 3.01 mag., used to reduce the screen images, al- 
though based on recent data, is practically the same as the value 
(3.02) found in an earlier investigation.’ The present result is de- 
rived from two polar plates, each with a screen and a full-aperture 
exposure, and from magnitudes for screened and unscreened images 
read from the reduction-curves for series C. The separate values are 


Const Wt 

nF: 3690, Rtv 7, FL i........... 9-00 Mmag. 2 

N.P. 1930, July 7, Pl. ere ee I 

Series C, pg. curves... Po ae. 3 

Series C, pv. curves or Sars I 
ee Pte ieee RE fee 


The magnitudes of the bright stars derived from series C were 
supplemented by values from the entirely independent polar com- 
parisons of series B. The number of images on these plates is much 
less than in the case of A, the reduction-curves are less clearly de 
fined, and the precision lower. A partial check on the zero points, 
similar to that used for series A and C, is shown in Table III. For 
series B, however, the values of ¢ are the means of the differences in 
the individual magnitudes for the same star derived from over 
lapping polar comparisons, the number of stars in each mean being 
indicated by the figures in parentheses. Values of ¢ based on 4 or 5 
stars are usually satisfactory and are the basis for the zero-point 


t Seares and Humason, loc. cit. 
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TABLE IV 


MAGNITUDES OF COMPARISON STARS FOR EROS 








Kopff No. Pg. Mag. Pv. Mag. oa No. Plates HD Sp. 
y > bee Ya 10.10 E12 2,2 Ko 
ABD css clsevcters 10.24, _ | 10.00 0.2 7 oe A 
> | " | ‘ 
r LS Se ee 9.98 8.96 > 224 G5 
7 ae aera | O54 | 9.50 0.04 2,2 | AS 
WOE 'e ces os 9.07" | 7.29 1.78 | 2.3 | Ks 
| r 
425 Q.02 7.78 1.2 3,2 Ko 
Ye 9.23 7.42 1.81 2.3 K2 
427 g.20 8.94 0.26 | 4.2 F2 
Pt 9.85 8.79 1.06 4,4 Ko 
BIG eas ac ee Q.04 8.47 0.57 4,4 Gs 
71 a | 10.04 9.94 0.40 6.4 F8 
y > oe ee 10.60 | 10.20 0.40 ce Fs 
Ea 11.07 9.63 1.44 | 4,4 Ks 
Pe pee ee 11.68 10.29 1.39 4,4 M 
BEB Te te sig 9.76 9.67 0.09 S46 F2 
RR anther 8.74 8.68 0.09 4,4 Ao 
436 10.93 10.65 0.28 ee F8? 
437 8.82 8.52 0.30 554 F8 
438 II .06 10.17 0.89 | 4,3 K2 
rc 8.00 | 8.06 —0o.06 | Gus | Bo 
| 
rt): Say at eae 10.84 | 9.99 0.85 594 
po Sea 10.51 10. 23 0.28 4,5 | G5 
AAS. Oe eo wel 10.32 9.94 0.38 4,4 Fs 
BAB a og Su iiéie 10.68 9.73 0.95 3,3 PRB eee eer 
re 754... | 9.71 —o.18 555 | A7 
} | 
BER ore cisrass roxas 9.35 0°. 78 8.8 | Ko 
440 g.0o9 5.70 0.33 | 5,5 F8 
447 8.67 | 7.30 1.31 | 4;3 | Ko 
448 8.660 | 8.33 0.33 g56 F5 
pe ee 9.75 Q.02 O75 | eG K5 
| 
yt eee 10.79 | 10.47 0.32 6,5 Ba date se eeee 
Ch 9.47 8.69 0.78 6,6 Ko 
VS | io-5f || 9.35 0.76 | 6,6 Ko 
OND asa listen 10.18 Q.15 I .03 | 6,6 | G5 
co 9.04 8.07 0.97 | 595 Ko 
| | 
| 10.88 | 10.03 0.85 333 [rcs foo 
BED assis 8.99 | 8.56 0.43 | 5,6 Go 
pe, ee ne er fo,0. | 9.46 1.47 | Ke K5 
A eee eee 10.79 | 9.40 t.39 | 6,6 Mo 
1 ea are ee | 9.89 | Q.05 0.84 | 6,6 Ko 
| } | 
: 
EME 3555 ste RR SS 9.68 | 9.54 O.14 | 554 | F5 
et Oe eaeee ak oe 10.06 | 9.30 O76 | 8,7 Ko 
462 9.07 | 8.30 0.77 | 7,7 | Ko 
EOE 10.47 | 9.13 1.34 «| 353 K2 
7) ee g.21 5.45 0.70 757 Ko 





} 











TABLE IV—Continued 
Kopff No. Pg. Mag. Pv. Mag a 
OS iaask ere arate 50.32 O23a7 I.05 
a ee | 10.43 Q.15 | 25 
TS OO 10.01 9.57 0.44 
DE iid ass 10.70 | 9.83 0.903 
BOG. cc kn ode 9.57 es 0.86 
| *] 
rr 9.63 | 8.29 1.34 
i. 8.95 | 9.42 = 0,47 
1 © eae 11.50 10.51 1.05 
LL Pee = | an RY x nn) —0.02 
Bai aiecs sina 8.46 8.44 | 0.02 
| | | 
| 8.74 | 9.00 | —o.26 
GES beers a 9.93 9.28 0.05 
Oy Goa a a 9.81 9.46 0.35 
re 10.02 9.9O oO. 12 
TS Se te 10.75 10.3 0.41 
| 
| 
MINDS Fics SA tea Q.2 | 9.07 O27 
Ms terrasse cl.ohs 8.69 7.97 0.72 
1S A ene er 10.10 | 9.93 | 6.27 
ee eee 9.68 | 9.29 0.39 
ee ee 9.61 Q.22 0.39 
TS ene 9.73 8.43 1.30 
SE Oe 9.65 8.35 I.30 
OT Eee 9.95 | 9.49 0.46 
aR ene 9.80 8.9¢ ©.99 
SS eo O.22 8.06 1.16 
| | 
Ae ee eee On17 || 8.59 0.58 
MR 5. aiew-s se 8.79 8.51 0.28 
ee 10. 33 } 9.98 0.35 
403 | 10. 33 10.00 0.33 
BOER 5 ne eis 10.25 9.57 1.08 
a 9.95 0.27 0.78 
MED és oiaie wake he 10.70 Q.21 LSS 
Ee eee 8.92 7.93 0.99 
a eee 10.10 9.97 0.13 
ae 8.56 8.04 0.52 
Se 9.60 9.69 —0.09 
re rere 9.96 9.50 0.46 
Sy See ee 8.64 8.36 0.28 
503 10.61 9.64 0.97 
BOM cs ok ws awe 11.61 10. 36 1.25 
Sn 10.10 9.78 0.32 
CID sch eee 6 ob oi 10.40 9.97 0.43 
eee 9.98 9.28 0.70 
Aes 10.16 9.30 | 0.80 
eee 10.15 9.65 0.50 
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TABLE IV—Continued 








Kopff No | Pg. Mag. Pv. Mag. Ct. No. Plates HD Sp. 
ene eae 10.72 9.18 1.54 4% K7 
ht Meare ee 8.43 8.11 0.32 EE,7 5 
BOO ee ce slavee 9.18 Q.30 —O.12 7.9 Fo 
REA rosunens-dteiecs 10.88 10.62 °.26 4,2 eee e 
514 | 9.57 | 9.30 0.27 354 F8 
See ene 10.14 | 9.68 0.46 55% Fo 
CR iNe ga tierecsiy oe 10.94 | 10.05 0.89 6,6 K5 
7, reer? 9.20 | Q.22 —0.02 7,6 | Fo 
518 aan 8.50 8.67 —O.17 | 453 Ao 
(=5 1 ee Ae 10.42 | 10.18 0.2 | 4,3 F2 
520 11.62 10.51 r,t OE, Ma) Se Reece 
521 g .03 8.94 0.090 «| 353 AAS 
522 | 9.26 9.30 —0.04 | 4,3 A2 
CE | 8.85 8.60 0.25 | 353 Ao 
BM Wiser ae IO. 24 9.53 0.71 | Eat Ko 
525 9.44 g.20 0.2 aug F5 
526 8.83 8.89 —0.06 | 7,6 Fo 
527 10.34 10.23 O.II 4,3 } Fo 
2 ee 9.17 7.54 1.63 <3 K2 
ieee ors ocx ae | 10.48 9.16 r.32 4,4 Ks 

| 
| 
530 10.64 9.67 0.97 | 4,4 | Ks5 
oC ee ae ee 8.13 7.93 0.20 4,3 Ao 
LS eee 10.78 9.50 1.28 a4 K2 
Oc See eer 10:40 |} 9.45 6.05 *| 6,6 | K2 
Cy ep ee 10.51 | 9.52 0.99 | 4,3 Ko 
C7 ee 10.69 10.29 0.40 | 4,3 eee eer 
535 10.53 | 9.50 1.03 4,4 | K2 
BRE coli cus Or 9.64 | 9.60 0.04 4,4 A2 
537 9.76 9.55 0.21 oe, | G5 
ns See 10.67 9.95 0.72 2 Ko 
| 
539 10.01 9.61 0.40 3,3 "5 
CP ae ee ae 10.69 8.94 r.75 2.2 Mo 
BAG eds icc es 9.5: 9.05 0.53 Me Gs 
542 Io.50 . | 9.71 0.79 4,4 | EES ne 
a eee 10.36 | 9.58 | 0.78 | 6,5 F8 
ae 9.71 8.85 0.86 4:3 Ko 
545 10.35 9.32 I.03 a Ko 
<2, a ee res 10.00 | Q. 23 0.77 a2 Ko 
2 eee II.O1 | 9.72 1.20 6,5 | i 5 
2 Se ee 8.54 7.72 0.82 45,3 Gs 
| | 
Bete S Ape 10.79 | 10.03 0.76 3.3 Fs5 
ER ao 5 tae | 12.20 | 10.31 1.89 e4 | F2 
CO eee 10.83 | 9.0 1.82 4,3 M2 
ee 10.44 | 10.37 0.07 5,4 | F8 
553-202 sree ee! 9.59 | 9.34 0.25 5,4 | F8 














TABLE IV—Continued 











Pg. Mag. Pv. Mag Ct. 
eR edicts x05 8.08 8.14 —o0.06 
ee eee 9.40 9.25 0.24 
eee | 8.10 7.65 0.45 
oe ee ee 9.02 O:c4. | —0.02 
a gale 4s 9.88 9.51 0.37 
“1 eye ee 10.96 9.28 1.68 
MD cilia sie ae 8.40 7.99 0.41 
561 | 9.39 8.34 1.05 
RBS necnecaNecess | 9.83 9.57 0. 26 
503 | II.14 g.20 1.94 
| 
ERD Tht achat 10.30 | 9.89 0.41 
SS ae 10.54 9.37 .£7 
“a eee 8.096 | 7.86 1,26 
ROE 10.10 9.40 ©.70 
ees 8.2 7 a9 0.87 
| RE ee | 12.02 | 10.40 1.62 
een 8.75 | 8.23 0.52 
| RG Rae 9.41 8.05 1.36 
572. Q.21 9.20 ==; 05 
on Se 11.68 10.29 1.39 
oo) RE eine 9.27 | 9.29 —0.02 
DG aacians ect 10.06 | 9.89 0.17 
RR Rathi eis ous 10.49 9.67 0.8 
) Soe 8.89 | 8.57 0.32 
RB haere as 9.72 10.03 =O.3 
a emer 9.67 e377 I.30 
Rei Wic aes ein 9.90 10.23 —0.33 
orice its wee 8.84 | 8.58 0.26 
= 9.52 | 8.85 0.67 
SO ee 9.32 | 7.83 1.49 
a Seasick 10.59 | 10.32 0.27 
PRI xiciai ais 4 od 9.25 | 8.93 0.32 
IDs 0 otk Se iecoire. 0 8.58 8.58 0.00 
oi <r ee 10.10 9.34 0.76 
ss | 
A ee 9.43 9.10 0.33 
do wi 10.39 | 9.82 ay 
Oe ae pee 3 st2 
Glaabataabe ele .28 
Disc wiaters aie 0n 21 
cede Sees 50 
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TABLE IV—Contlinued 





Kopff No. | Pg. Mag. Pv. Mag. Cc No. Plates HD Sp. 
BPM. ence a | 9.91 | 9.69 0.22 4,4 F2 
GRO hs csi ceet eed 10.38 =| 8.96 1.42 a4 Ma 
COR Ses ec Hales 10. 2: 9.08 0.25 2.4 F8 
GOS oo se t58 | $r. 21 | 10.50 0.71 4,1 G 
i, a as | 7.88 | 7.84 0.04 C4 Fo 
"5? ee ee | 10.03 | 10.07 —0.04 4,4 F2 
COG ane es 10:72. «| 9.96 0.76 7.2 K2 
i) Ir.04 | 10.08 0.096 2.2 Ks 
OO cikae seve 9.98 | 9.80 0.18 4,4 G5 
608..........! 10.43 9.59 0.84 24 K2 
2) re | 8.63 | 8.88 —0.25 4,4 As 
IR Sraaye cine 8.03 7.08 0.95 544 Gs 
BUR css sires 8.68 | 8.53 O- 3s 3.2 Fs 
1. ae ea Qg.12 8.22 0.90 24 Ko 
O88. cascces 9.32 8.48 0.84 4:9 Ks 
CPAs ne een | 10.37 9.97 0.40 S\s Go 
1 ee ae 10.42 | 0.53 0.89 ee Ko 
eee 8.38 | 7.35 1.03 cy Ko 
ty Se rere 9.97 10.01 -0.04 4 AS 
Rsk omctecen to | 9.91 9.59 0-42 eS Go 
O8Gi. es es 9.47. | 9.60 —0.13 4,4 F8 
O20. ns paces 8.34 8.29 0.05 6,5 A3 
7) Pe Ce | 9.70 9.35 0.35 4,4 Gs 
OF8 5 bas 9.62 | 8.69 0.93 Ee Ko 
Oe a er | 9.75 | 9.53 0.22 4,4 Go 
IG Cio 5 wc yes ees | 9.02 | 8.94 0.08 3,2 F8 
oo ere 9.72 | 8.70 1.02 233 K5 
2 ek a ae 8.09 | 8.43 —0.34 4,3 \2 
iy es 8.88 Q.27 —0.39 4,4 F2 
es | 8.68 8.55 0.13 6,5 F5 

| 
CC ie, | 10.00 0.15 2:4 F8 
Ce 9.36 8.82 9.54 a4 K2 
ee | 9.31 | 9.14 0.17 | 353 Fo 
632 | 8.54 7.75 0.79 6,5 Ko 
ee Ea eae | 9.67 | 9.4 0.26 4,4 F8 
ae ed on riieat, | q@.05 | 9.54 O.II 4,5 As 
et ee 8.21 8.06 0.15 6,6 A2 
Rete e c ocis asia 10.20 | 9.23 0.97 453 Ks5 
2 ee eS 9.82 | Q.22 0.60 ce Ko 
2 ee Le | 9.49 8.62 0.87 3,3 Ko 

| 
GiGi, es | 8.12 | 6.62 I.50 6,6 K2 
oe kee 10.38 | 10.38 0.00 | 4,4 Ao 
OS 10.77 | 10.44 0.33 4,2 Fo 
Se rare ee | 7.60 7.68 —0o.08 0,3 AS 
en osetia | 9.68 | 8.94 0.74 | Wie Ko 

| | 
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TABLE IV—Continued 


Kopff No. Pg. Mag. Pv. Mag. C.I No. Plates HD Sp. 
ce 10.65 10.338 0.27 4,1 uewe wens 
ore | 9.67 8.15 i, §2 4.8 £5 
i ey) 8.70 8.36 0.34 oe Go 
a rr 9.96 9.406 0.50 4.3 F8 
OY aR eee 10.02 9.56 0.46 bei F5 
WOE nc can ctoss O.47~ °| 7.86 1.4! Ed K2 
7 ee es 9.74 9.65 0.00 ta Fs 
pd tar pape Q.04 8.26 0.78 2,2 Ko 
710 is 10.00 9.04 0.96 4,4 Ko 
717 ees 10.11 | 9.73 0.38 Bea F5 
720.. 9.12 | 8.92 0.20 Pe G5 
726 g.80 9.78 0.02 4,4 F2 
727. 9.44 | Q.I1 O..34 4,4 G5 
728.. 8.94 | 8.31 0.63 4,3 Ko 
11,7 ROR ee 8.78 8.98 —0.20 r.4 F8 

| 
i: a tr 9.14 | 8.95 0.19 Ce Fs 
752 9.62 | 8.37 1.25 3.3 5 
me eee 9.86 | 9.67 0.19 353 F8 
7) ae 8.37. | 7:63 0.74 4,4 Ko 
1 iy Cae ee es 9.13 9.17 —0.04 4.4 A3 
7)! EERE 10.05 8.99 1.06 2.2 K2 
rs cat 9.21 9.02 0.19 3,2 A2 
788... ee 10.90 10.64 0.20 Ro. = Novae Sere area 
796 can ean 10.06 Q.22 0.84 2,2 Ko 
7 ee 10.34 | 9.56 0.78 2,2 G5 
Ss... rors 10.05 | 9.34 0.71 2,2 Ko 
Bs Sees ae 9.18 8.93 0.25 2,2 F8 
BNO, osc baie 7.86 22 0.64 24 Ko 
820 ee 9.61 g.00 0.61 2,2 Go 
i eee 9.29 ‘| 8.82 0.47 9.2 G5 


corrections in the seventh and ninth columns of the table. The cor- 
rections for fields 8 to 14 were found by the adjustment formulae of 
section 5; the others by distributing the better-determined differ- 
ences equally between the two fields from which they were derived. 

Further evidence on the internal agreement is shown by the 
differences in the last two columns of Table III, which represent the 
deviation of each B plate from the mean magnitudes for the extra 
stars found from series C. Since these magnitudes from series C 
depend on from two to four polar comparisons of series A, the differ- 
ences in question are largely zero-point errors in the plates of series 
B. Their average is +0.06 mag., about that normally to be expected 











328 F. H. SEARES, B. W. SITTERLY, AND MARY C. JOYNER 


from single polar comparisons; the uncertainty arising from the 
small number of images on the B plates has been offset by the cor- 
rections applied to the zero points. 

The value of these corrections is shown by their effect on the 
differences. Of the 30 values in the last two columns of Table III, 
18 are smaller, 6 larger, and 6 the same as would have been obtained 
without adjustment for series B. As for the adjustment of series 
A and C, 17 differences are smaller, 11 larger, and 2 unchanged. The 
improvement for the photographic magnitudes is marked, 11 differ- 
ences being smaller and only 4 increased. 

The distribution of algebraic signs in the last two columns of 
Table III excludes the possibility of any large progression in the 
zero-point differences for series B and C; the general systematic 
means (C—B) for photographic and photovisual results are, re- 
spectively, —o.02 and —o.or mag. 

The mean magnitudes for the bright extra stars derived from both 
series B and C are given in Table V, which is similar to Table IV. 

The average probable error of a magnitude from a single plate, 


including scale and zero-point errors, is 


Pg. Py. 
Comparison stars........... £ 0.0096 +0.081 
leciy: hls | he ee +0.093 +0.090 


These mean values were calculated from 


24 ee Say 
0.845272 oe ; 
as ek ee. 8 9 


P.E.= 


V n(n—1) 


\ / 


where Xv is the mean of the sums of residuals without regard to 
sign for all stars for which the number of residuals 7 is the same. 
The agreement for different values of m is excellent. 


8. COMPARISON WITH THE MAGNITUDES OF ROSS AND ZUG 

The satisfactory internal agreement shown by the preceding dis- 
cussion becomes much less reassuring when the magnitudes in Table 
IV are compared with those of Ross and Zug. The differences for 
112 stars occurring in both series of measures are given in Table VI. 
The large discordance for No. 569 seems to arise from a wrong identi- 

















HD No. Pg. Mag. 
0) ee 6.84 
83332 | 6.87 
CO, | 5.08 
54117. | 5-54 
CT | 5.29 
GAASO. 66 nse es | % 45 
eG ne | 7-33 
85043 AI 7.02 
Tn |r ae | 6.86 
Ce | 6.06 
ea | 6.35 
0 re } 0.75 
86612........| 5.98 
SIO S55. ae 7.71 
BES ors a a6 | 6.05 
OT. Cy ee 6.07 
87793 62 
OTOIOE 6s wee ie 8.62 
SS | 7.98 
0, | 6.32 

| 
en Oe ss 6's 12. | 6.42 
ONS F's. «n5t0' 6.48 
ot 7 ere 7.30 
GOO EES occa, sai) 0.95 
QOOS4A... cece | 7.2 
O8408...... 0.79 
SEY 5 k's | 6.00 
OTFOU Ks aa kas } 0.55 
ee | 8.63 
Q@2008.... -| 8.32 
Ee ere 7.89 
ee 8.69 
Le 5.98 
O7O10;..... 7.25 
Ee: ae 7 1 
ici 8.05 
ER se aleere 0.45 
ie) ee 0.02 
DE. Sear 6.81 
DOOD ss ood 0:0 8.43 
| 
87768.... 0.77 
7 7.03 
GPRD oases ye | 8.72 
oe 6.57 
88346...... 3.74 
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TABLE V—Continued 

HD No. Pg. Mag. Pv. Mag. oe} No. Plates HD Sp. 
88025... 5.94 6.29 —0.35 33 Ao 
i 6.81 Be —0.37 a3 Ao 
BOVAOS si. 25% 6.57 6.82 0.05 2,3 A2 
a ee 7.88 7.08 0.80 5,6 G5 
BSIOG. 5-6 8.74 ee 1.63 Sot Ma 
BIOOD «0.055 4% 7.34 6.07 O37 273 F8 
So! re 4.47 4.53 —o.06 ro2 B8 
re 5.76 5.20 0.56 2,3 Fo 
oS 6.16 6.03 0.13 33 Fo 
S8264...... 4. ri 3.9% I.00 E32 Ko 
oS ree 6.23 6.40 —0.17 2.2 A2 
Oy 6.85 6.12 O.73 5% Ko 
ON er 8.63 7.14 1.49 2.3 Ma 
89505.....- 6.34 6.34 0.00 a. F2 
BEES. vices ss 5.6 6.0 —0.4 2.3 Ao 
on, eee 6.7 5.69 1.05 172 Ko 
lS 5.51 5.36 0.15 oe Fo 
Sy ty ie a a 5-9 6.4 —0.5 2,2 Ao 
Ss 0.91 §.§2 1.39 3,4 5 
90430... 6.65 6.96 —0.31 a4 Ao 
TS a reas 7.41 6.81 0.60 ee! Ko 
a 6.59 6.91 —0O.32 4,4 A2 
es 6.90 6233 0.57 a Ko 
BEG R. oc se > 47 6.42 0.95 4.2 Ko 
QOL. ....... 5.72 5.94 —0.22 333 Bo 
ot) 6.86 6.69 0.17 eae F8 
QOIOS> sacs es 5-95 6.03 —0o.08 2.2 Ao 
cy 8.11 6.31 1.80 4,3 <5 
oe 5.44 5.29 0.22 28 Bo 








fication. The star in Kopft’s list is B.D.—15°2990. The presence of 
the brighter star B.D.—15°2989, 7’ and 5* Np No. 569, possibly 
affords an explanation of the Yerkes magnitudes. 

Scale divergence and accidental error.—Grouped according to mag- 
nitude and reduced to mean values, both with and without regard 
to algebraic sign, the differences of Table VI give the results in the 
second and third and the sixth and seventh columns, respectively, 
of Table VII. The run in the systematic differences represents the 
divergence in the scales of the Mount Wilson and Yerkes magni- 
tudes, which is appreciable for both photographic and photovisual 
results. The means for all magnitudes together, —0o.03 and 0.00 














Sere 





SOUTHERN COMPARISON STARS FOR EROS 331 


TABLE VI 
COMPARISON WITH THE MAGNITUDES OF ROss AND ZUG 


(Unit=o0.o1 mag.) 


MW —} MW-Y 
Koper No. sees Koprr No. ——_—___— 
Pg Py Pg Py 
BBW aa oes + 47 +21 610 + 9 +16 
See + 49 +12 OS8 06455 + 5 +20 
CO, Saree ae + 35 — 2 re —4 +17 
Bae, carecoieue “3a | “0 615 =—t5 =] 
eS One + 18 | —17 G8 occas — 4 +13 
CO) > rr + 33 +17 618 —16 —10 
MBP tad iccc rate: + 27 ° 619. —14 — 5 
ee + 23 +15 621. —21 + 3 
Co eee + 37 +10 622 2 + 2 
Gis seks + 36 | —23 623 —14 > § 
GE ec rrucs + 22 ° 624 + 8 +30 
REAL cuisine 9 + 20 +13 625 =t0 +21 
555 + 26 +25 626 — 30 +7 
(6 eee ae — 2 -16 2 5 eee —2 +22 
BOG ed ons’ eu + 31 + 1 629. —16 + 1 
RES cc aoe ees + 38 +13 630.. —9Q +17 
RE i cnakgn ach ans + 17 — 4 631 —II —12 
564.. + 3 — 26 Ge aakehs —30 — 9 
CU ere + 15 | fe) ONG: 65x os —35 +15 
BOG cndind ces + 9 + 4 637 —II — 2 
"eee + 52 +7 638 — § +12 
BOGS cc eters ss (+143) (— 40) OAs kc 'csss —4 — 5 
i 2 Sree + 10 +12 TS ae fe) — 6 
if Serer + 32 + 8 GEFs sick —I4 + 8. 
rarer ee + 27 —10 eee —24 —16 
RE chee — £4 + 2 rare —22 —22 
Ly ee + 15 + 9 GATS bs-3 inc —17 —12 
2) Cee — 13 + 2 648 —35 — 6 
SME co dieie es “Es +10 649. a9 — 9 
Bed toro nsacen + 7 21 lo —I19 + 8 
585. “+ 20 +10 651 —=ag sat 
GO fic siai wise 3 — 9 +12 652 =F +22 
Y . ere + 3 “4 654 —42 | ~ # 
588 = 5o “+27 655 est hares 
BOOS cis ale + 9:3 + 3 + I 057 —25 20 
Ee ROP gt — I5 + 4 GE ch ccice +19 — 8 
ot Ata eee — 13 +10 659 —44 +12 
Ee ie ea Gea — 3 +15 661 —14 —23 
eae — 35 +15 2 ee —12 + 3 
oa eae + 4 —25 604.. =—7 — 20 
> a eee — 13 + 4 666 —10 +11 
Co, + 21 —10 667 —48 — I 
O62. cin ene: ~~ 3 — 9 oT) See +21 | —II 
RE No <i aha + 7 +10 ee —12 —27 
Gs sieves cee ct — IO = 2 Cy ee — 30 —= FO 
Cina ov ered — 45 —II 642... —1I4 +4 
oR ee — 12 —14 674.. — 33 —II 
a ee — 30 +16 Os acoraats —2I —II 
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TABLE VI—Continued 








MW-Y | MW-Y 
Korrr No. | a om | Koprr No. | aie 
Pg Pv | | P Py 
6g Oe —13 — 36 i: nee —18 —13 
i +18 + 5 ea +23 —4 
BO da iesexicel — 34 — 7 ies OR | —10 — 6 
aaa + 6 — 5 i ee —19 +11 
ee os —22 — 26 I] oY Saree | — 9 — 6 
ee — J + 7 [re +17 + 5 
Pe —27 —I3 SOs a se5 cule —II + 7 
a — 6 —16 IT vee — 30 + 3 


mag., respectively, are the zero-point differences for the two series 
of observations. 

The photographic magnitudes have all been reduced to the inter- 
national color system, and, in fact, their differences show no de- 
pendence on color. Ross and Zug have assumed that their photo- 
visual magnitudes are also on this system. Relative to the Mount 
Wilson values, they indicate, however, a small but definite color co- 
efficient: 

MW-Y=—0.06C. 


Had the doubtful color correction found in section 4 for the Mount 
Wilson photovisual magnitudes been applied, the color difference 
MW —Y would have been larger still. The difference has been dis- 
regarded in the remaining comparisons. 

The third and seventh columns of Table VII, which include acci- 
dental as well as systematic errors, indicate the accordance between 
Mount Wilson and Yerkes for individual stars. The average of 
+o.11 mag. for the photovisual series is acceptable; but +0.19 for 
the photographic magnitudes is very unsatisfactory. 

Table VI shows that this large value originates in a zero-point 
difference which changes with the position of the stars along the 
path of Eros. The fields involved, in the order of star numbers, are 
7 to 1 of Table I, covering an interval of about 30™ in R.A. and 17° 
in Dec. 

Agreement for Mount Wilson plates.—In searching for the cause 
of the difference, the first question concerns the agreement of results 
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for the same star from different Mount Wilson plates. Table VIII 
gives data for four stars showing large positive and negative differ- 
ences, but otherwise selected at random. The magnitudes read from 
the curves include the extinction correction, but both plate and 
zero-point corrections are given in detail. Bracketed magnitudes 
depend on the same image on a connecting plate, reduced with 
different polar comparisons, and are therefore united to obtain a 
value of unit weight. The last pair for star 531 is from screen images, 
and allowance must be made for the screen constant of 3.01 mag. 


TABLE VII 
SUMMARY FOR MW —Y 











PHOTOGRAPHIC PHOTOVISUAL 
"ee ee Mes Syst. Aver. No. a ; Syst. Aver. No. 
Yerkes Mag. Dif. | Diff. | Stars Yerkes Mag. Dif. | Diff. | Stars 
RC B.04 ices cent Sele eas , wy ee ee — 3 +12 5 
Oe BER cilde neces + 5 19 7 (sae AO ere + 5 10 II 
8.5- 9.0 | 12 | 17 II 30" O.65..0cecet 8 3-1 34 
G.0= O48). ose cl es 17 19 SiO ees + 8 Wo-b 35 
9.5-10.0... .| —14 20} 26 OOH Gr By stiles: + 1 gh 
$6.10. Bi. ok ses |} +1 | 20 23 0.520.602... 626 — 2 16°} 25 
| i 
IQ SSE O. sss ecen Pere | es 63S pay > > ae — a +10 II 
es ie vhs te wate — 28 t 30 3 
= ee Se, le 
Means and to-| Means and to- | 
PDs sate acer | — 3] +19 | 111 CAB pecan. of Exrr-b 211 


The reduction for color transfers the results to the international 
color scale. 

The zero points depend directly on the polar comparisons of series 
A for the fields listed in the first column of Table VIII; for example, 
Nos. 9, 10, and 11 in the case of star 522. In fact, all the comparisons 
are involved through the adjustment process, which assigns to each 
field a correction depending on all the observed zero points. The 
agreement is such that something more than the ordinary accidental 
error affecting polar comparisons is required to explain the large 
deviations from the Yerkes results. The plate corrections are large, 
but not in general strongly systematic for a given star; the accord- 
ance which they bring into the results is good testimony of their 
general validity. 
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Test of sero points by series B.—A further test is afforded by the 
independent polar compariscns of series B, which have been used 
only for the extra stars of Table V and do not enter into the results 
for the Eros stars. The agreement of these comparisons, field by 
field, with the mean results from series A and C has already been 


TABLE VIII 


DETAILED RESULTS FOR INDIVIDUAL STARS 


1. |Z. Pt. Pl. |Z.Pt.! woo 


- > l * ‘ 
Field Curve} ;-.” . Mag. v Field Curve! , . 
. Corr. | Adj. Corr. | Adj. 
Kopff 522 Kopff 659 
> P | 
9 5.75 TT 34 ime) 9.16 | +9 TA MP T3I =) | 9.45 I 
10 -| 9.33 —Z2 +6 | 9.27 ° 8.90 +43 —4 | 9.29 
| J 12,13 ad 18 
9.19 B® A TO | 9-45 - 9.00 34 “9 g.25 
9g,10 ‘ =—25 i an 
g.16 +16 ro | 9.36 A wins g.80 22 =. 7 9.55 — 9 
9.52 | —42 +6 | gut 9 .5¢ + 2 —6 | 9.55 
10,11 9-5 4 Piert | t © || 23, 74.... (49°99 2 Z 9-3) }) —10 
9.590 —34 +2 Q.2 9.54 ae = 9.50 
Mean Alig ; ry Py 9.46 
Red. for color ...| 0.01 0.12 
MW pg. mag : eis a 9.26 9.55 
Yerkes mag........ oo 8.79 10.02 
_ ae +0.47 —- 0.44 
Kopff 531 Kopff 667 
IO.. 8.23) + 8 +6 8.37 —27 14 .-| 8.86 +30 | — 3 | 9.13 + 9 
II 8.36) —30 +2 8.08 + 2 Sch O10] = 5 +21 | 9.32 Io 
8.00! —13 +6 7.93\ | 9.08 +17 — 3] Q.22 
10,11 ; : : +1 BALES. 0 cstte 4 ° 
8.17; —13 +2 8.06 sd +515 8.82 +18 +21 | 9.21 
/ II .O¢ — ¢ 8.05 
(10,11)s.. Sew 9 ‘ OS 15 
10.92 — ©} T2 7 .O4 
Mean eaka 8.10 Q.22 
Red. for color ee 0.03 aed + 0.13 
MW pg. mag. or . Oe ee ee ae any 9-35 
Yerkes mag. ; 7.64 9.83 
MW —YJ : Spe Fe . eee} 0.49 - 0.48 


given in the last two columns of Table III. For the present test, 
however, it is necessary to know the relation of the Yerkes magni- 
tudes to the results obtained from individual plates of series A. 
The mean values of A — Y for each A plate are given in the second 
and sixth columns of Table IX. These means reproduce the syste- 
matic progression shown by the results in Table VI in a form which 
admits a comparison with similar differences referred to series B. 
Since the zero points for series C are the same as for A, the differences 
in the last two columns of Table III have the form A—B, and as 
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un 


such are transferred to the fourth and eighth columns of Table IX. 
Combined with the corresponding values of A—Y, they give the 
desired values of B—Y. These show that when referred to the zero 
points of series B, the Mount Wilson magnitudes, especially the 
photographic series, diverge from the Yerkes measures in substan- 
tially the same way as when referred to series A. The mean dis- 
cordance for the photographic magnitudes, which is the more serious 
of the two, is 


A-k B-Y 

POSD. ccc ccscvsissense VO.98 Cee 5.6 7) 

OL ee rT —o.21 (Fields 1, 2, 3) 
TABLE IX 


AGREEMENT OF YERKES MAGNITUDES WITH INDIVIDUAL POLAR COMPARISONS 
OF SERIES A AND SERIES B 


(Unit=o.o1 mag.) 





Pc. Pv. 
FIELD 

A-—Y |No. Stars} A—B B-—Y A-—Y |No.Stars|) A-—B B-Y 
Pa ekatern pacaven .| 25 5 2 +27 4 I +7 |-! 
6 .| +31 23 “12 | +43 +5 233 |-9 | +14 
5 | “FES 33 + 2 +12 +4 32 —17 +21 
4s. St eh. 28 a4 + 7 “+7 27 =§ “+52 
3 —17 30 ° —17 + 20 +4 — 2. 
? ae — 18 28 +15 33 —6 8 +12 —18 
Re ee ee —13 28 — |] 12 7 28 + 3 — 10 


The general agreement of the A and B series does not necessarily 
mean that the large relative error for the two groups of fields is to 
be attributed wholly to the Yerkes magnitudes. Although the 
photographs for the two series of Mount Wilson comparisons were 
usually made on different nights, peculiar sky conditions may have 
introduced similar errors into each. Among other causes sky illumi- 
nation from lights in the valley to the southwest of Mount Wilson is 
a possible source of systematic error; but in the present case the 
fields were all observed at so nearly the same altitude as to make a 
relative error of o.4 mag. wholly inadmissible. 

Color indices in different fields for stars of same spectral type.-—An 
indication as to the location of the error may be found by comparing 
the color indices for the two groups of fields with the spectral types 
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of the stars. The differences in the Mount Wilson and Yerkes color 
indices have the form 


C —C,=(Pg —Pg,)—(Pv —Pv,) _ (Fields 5, 6, 7) , 
C’—Cl=(Pg’ —Pgt)— (Pv —Pv) (Fields 1, 2, 3). 


The values of the first of the parentheses in these formulae are +0.22 
and —o.16, respectively. The corresponding photovisual differences 
from the sixth column of Table IX are +0.05 and —o.04. Hence 


(C—C’)—(C,—C{) =AC = + 0.29 mag. 


The two differences in the left-hand member of this relation, which 
must be satisfied by the color indices of stars of the same spectral 
type, indicate the apportionment of error between the Mount Wilson 
and Yerkes magnitudes. 

The results are collected in Table X, which gives for the two 
groups of fields and the two series of observations the mean color 
indices corresponding to the spectral types in the first column. The 
values of AC in the last column agree well and show that the effect of 
accidental errors is unimportant. The mean AC is less than the 0.29 
found from the individual polar comparisons because it depends on 
color indices derived from the final magnitudes. Since these include 
the zero-point determination for the transition field No. 4, the dis- 
cordance is partly smoothed out (see Table IX). 

The values of AC check the consistency of the results, but the 
feature of present interest is their origin. The sequences of differ- 
ences in the sixth and twelfth columns, and more particularly their 
mean values, +0.07 and —o.17 mag., indicate that 0.3 of the dis- 
cordance originates in the Mount Wilson measures and o.7 in the 
Yerkes results. 

This conclusion depends on a comparison of observed colors for 
different groups of stars which supposedly have the same color. 
Errors of classification, lack of discrimination between giants and 
dwarfs, and dispersion in color for the same type all tend to invali- 
date the supposition. The single M-type star in the second group of 
fields, for example, if retained, would seriously modify the distribu- 
tion of error. Its color index is 1.0 mag.; but no M star, either giant 
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or dwarf, as far as we know, has so small a color index. The spectral 
type doubtless is in error. For the other spectral groups the number 
of stars is generally sufficient to eliminate most of the accidental 
errors of classification. Systematic differences between the two 
groups of fields may, however, affect the result. Comparison of the 
frequencies of spectral types for these groups with those for several 
other groups of stars selected from Tables IV and V shows a general 
agreement, with a maximum at Ko in all cases except for fields 5, 6, 
7, for which it occurs at G7. The frequency-curve for this group 
would agree better with the others if 0.3 of an interval could be 
added to the spectral types for most of the stars. If this difference 
in frequencies is real, the results in Table X require no change; 
TABLE X 


COMPARISON OF COLORS FOR STARS OF SAME SPECTRAL TYPE 


Mount WILSON YERKES 
HD ‘ 
Se. AC 
( No er No ¢ ( Wt ( No Cy N ( Cy Wt 
A2 +o.08} 5 o.! 2 ».20 I 19 { O.1 2 | —0.09 1 |+0.29 
F4 0.30! Io |+ .16) 14 14 6 ».14] Io 26) I 12 6 2¢ 
G3 °.50 7 53 8 03 4 0.34 5 60 8 26 3 2 
K2 I.OI| Io 96 3 + 5 7 89, 38 1T.08| 2 19 6 2 
M +1.67| 6 |+0.91 I ¢ 1.58 I.07 I 51) ° 
Weighted 
mean 7 17 0.2 


but if it represents an error in classification, the values of C and C, 
should be decreased by about 0.1 mag. This would improve the 
agreement for the Mount Wilson color indices, but make that for 
the Yerkes values less satisfactory. 
9. RELATION BETWEEN COLOR INDEX AND SPECTRAL TYPE 

Table XI gives the mean color index for each spectral type based 
on all the stars in Tables IV and V for which spectra are available. 

The large positive color index for the single B2 star (H.D. 83953, 
Table V) seems to be real; but in view of the discordances shown in 
Table VIII confirmation is required. The star is I Hydrae. The 
HD remarks: “The line H8 is a narrow, bright line superposed on a 
hazy, dark band. Other lines are dark.” Merrill classifies it as B2e 
and finds it to be a normal object of its kind. A short-focus camera 
plate of the region by Hubble gives no indication of surrounding 


nebulosity. 
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The general relation between color and spectrum expressed by 
Table XI is essentially the same as that found by Ross and Zug. 
The Mount Wilson color indices are systematically a few hundredths 
smaller than the Yerkes values, as might be expected from the rela- 
tion between zero points shown in Table VII. The most noteworthy 
features of these results, however, are, first, that both series of 
measures show a color index of about —o.15 mag. for Ao stars, 
whereas the value for the polar region is zero; and, second, that both 
depart widely from the accordant relations between color and spec- 

TABLE XI 


MEAN COLOR INDEX AND SPECTRUM 


No. ; ’ No. || i No. 


Sp . Stars ae ‘ | Stars 7 : Stars 
Bap +0.51 I AS —0.02 9 Gs +0.63} 33 
Bs.. — .34 I A7 — .18 I Ko +o.89| 66 
| ae — .26 2 Fo + 10] 26 Ko......... (ence! 20 
See — .19 5 F2 |- .11] 13 ES wee ffr.2t]) 31 
oe — .14] 21 Fs + .29} 27 = ae +1.61 2 
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trum found by King, Parkhurst, and Seares. Some of this last differ- 
ence is doubtless to be accounted for by the presence of dwarfs among 
the fainter comparison stars for Eros, but this cannot wholly ex- 
plain the divergence. These questions will be discussed in a later 
Contribution. 


IO. COMPARISONS WITH HARVARD MAGNITUDES 

Intercomparison of the various Harvard catalogues has shown 
that they differ appreciably in scale and in color equation.’ The 
general catalogues, HA 50, 54, and especially the Draper Catalogue, 
which is a compilation from other volumes of the Harvard Annals, 
are therefore not homogeneous, and at present it is impossible to 
say what correction should be applied to any given star to reduce 
it to the international system. To utilize fully this rich observational 

t See, for example, Harvard Annals, 64; Miiller and Kempf, Publikationen des Astro- 
physikalischen Observatoriums zu Potsdam, 17, 1907; Zinner, Veréffentlichungen der 
Remeis-Sternwarte zu Bamberg, 2, 65, 1926; Seares, Mt. Wilson Contr., No. 288; Astro- 
physical Journal, 61, 284, 1925. 
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material it will be necessary to discuss the original magnitudes, re- 
duce them to the international system, and then recombine them 
into mean catalogue values. The photovisual magnitudes in Tables 
IV and V permit a few comparisons of this sort—not enough for 
final conclusions, but sufficient to show the importance of the cor- 
rections. 

The differences MW —H thus found for different Harvard sources 
were grouped according to Harvard magnitude and plotted against 
MW color indices. Graphical solutions then gave the linear expres- 
sions collected in Tables XII and XIII. These relate to measures 
made by Pickering, Wendell, and Bailey with the 2-inch, 4-inch, and 
12-inch meridian photometers. A few observations by Searle were 
also found in HA 14, but they indicate little more than the presence 
of a considerable color equation. The absence of a color coefficient 
does not mean that the coefficient is zero, but merely that the data 
do not permit a satisfactory determination. 

In any one of the groups of relations in Tables XII and XIII the 
sequence of first terms represents the scale divergence after the 
Harvard measures have been freed from color in accordance with the 
coefficients of the second terms. For the first two groups the color 
coefficients of Pickering and Wendell are approximately the same, 
and mean values are used in Table XI; but this cannot be done for 
the first terms. For these Pickering’s values are given, with values 
of P—W following in parentheses. For results in HA 14, the mean 
zero-point difference P—W is —o.17; for HA 24, +0.14. 

The significant features of the comparisons are: (1) the progres- 
sion in the scale difference shown by all the measures of Pickering 
and Wendell and the size of the color coefficient affecting their re- 
sults; (2) the increase in the color coefficient with magnitude and 
the systematic differences between the coefficients for the three 
photometers; (3) the difference in the scale corrections for Bailey 
and Pickering and the relative freedom of Bailey’s measures from 
the influence of color. 

It is not suggested that the results in Tables XII and XIII are 
final or that they are applicable to all portions of the catalogues in- 
volved. The data on which they are based are far too slender for 
that. The characteristic features are revealed so clearly, however, 
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as to indicate that reliable formulae for reduction to a homogeneous 
system may be obtained with comparatively little effort. 

The diversity in the corrections shown in Tables XII and XIII 
lessens the importance of any comparison with the mean Harvard 
magnitudes given in the Draper Catalogue. The general agreement 
with a similar comparison made some years ago for the stars of the 
Polar Sequence’ is, nevertheless, of interest. 

The results, after a slight smoothing, are as given in the third 
column of Table XIV. The comparison with the polar sequence is 
in the following column. The divergence in the color coefficients 
probably arises from differences in instruments and observers con- 


TABLE XIV 


COMPARISON WITH MEAN HARVARD VISUAL SCALE 


MW —-H MW —H Differences 








a , No. Stars | Present Results Polar Sequence 
Cet. Se I —o.05—(0.10)C —o.08—0.09C —0.03+0.01C 
re 3 — .10—( .13)C — .0o7— .10C + .03+ .03C 
5-6. hee — .or— .17C — .o4— .12C | — .03+ .o5C 
6-7........| 42 + .o8— .21C + .o2— .13C | — .06+ .o8C 
eh ree 2 + 17- .26C |} + .10— .14C | — .07+ .12C 
8-9. | 12 +0.25— 0.36 C +0.19—0.15C | —o0.06+0.21C 
| 





cerned in the two groups of Harvard magnitudes. The scale differ- 
ence, which is mainly in the zero point and amounts to about 0.05 
mag., may also arise partly from this source. 

Magnitudes given in the Draper Catalogue to a single decimal are 
from the Durchmusterung catalogues, reduced to the HD system 
by the application of mean corrections. The catalogues involved 
are the SDM, the CD, and the CPD, the last only for stars south of 
—16° declination. Comparisons with these catalogues are given in 
Table XV. HD magnitudes printed in italics have not been used. 

For none of the three catalogues is there any certain evidence of a 
progression in the values of MW —H. As far as the present data go, 
the only difference is in the zero points, for which the means are 
+o.01, +0.11, and +0.12 mag., respectively. The parallelism of 
scales is in surprising contrast to the 34 per cent divergence found 


t Seares, Mt. Wilson Contr., No. 288, Table II; Astrophysical Journal, 41, 284, 1925 
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by Ross and Zug’ in a similar comparison of visual magnitudes. 
Nearly all their stars, however, are from the northern Durchmuste- 
rung (with Harvard corrections); and the discrepancy between their 
results and ours apparently represents a real difference in the magni- 
tude systems for the northern and southern catalogues. 

TABLE XV 


COMPARISON WITH DM MAGNITUDES REDUCED TO HD SysTEM 


MW —H(SDM) MW —H(CD) MW —H(CPD 
Harv. Mac. . = . : = 

S.D. A.D. No. $.D A.D. No. S:D. A.D No. 

7.5- 7.9 —0O.15|/10.22 6 ae = 
8.0o- 8.4 — .02 35, 13 |--O.22/+0.40 9 !+0.20 +0. 20 7 
8.5- 8.9 j= 208 260] 45 I+ .04 32| 17 |-+ .05 18} 20 
9.0- 9.4 ..J- .II 281 49 |+ .1I5 27| 17 I+ .14 2a) 29 
ee A Sa a —0.07/+0.12 Q |+0.02;/+0.10 5 |+ .18 29| 32 
COE oe Le Ce =—0.03/ 0.17 14 


Means and sums/}+0.01}/+0.27] 122 |+o.11/+0.30}) 48 |+0.12)+0.23] I10 


The approximate character of the Durchmusterung magnitudes 
means a large scatter in the values of MW —H for individual stars, 
and it is therefore difficult to speak definitely of the influence of 
color. The CD and CPD show nothing; the representation of the 
SDM differences would be somewhat improved by adopting a color 
coefficient of 0.2 to 0.4, but the correlation is uncertain and the re- 
sults of Table XV are preferred for the present. 

CARNEGIE INSTITUTION OF WASHINGTON 
MovunT WILSON OBSERVATORY 


November 1930 


t Loc. Cit. 
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RECENT CHANGES IN THE ABSORPTION SPECTRUM 
OF 17 LEPORIS 
By OTTO STRUVE 
ABSTRACT 

The spectroscopic binary 17 Leporis is shown to undergo profound changes in the 
character of its absorption spectrum. In 1925 and again in 1928-1929 the spectrum con- 
tained many strong lines of 77 1, Fe 1, Sc 1, H, and weaker lines of Mg 11, Fe 1, and of 
other elements. Recent plates taken in October, 1930, show no lines of Fer. The lines 
of Sc 11 and of 77 11 are greatly weakened, while those of Fe m are weakened in a smaller 
degree. The lines of Mg 11 and of H have not changed appreciably. Many of the strong- 
er lines appear as close doubles on the recent plates. The hydrogen lines are peculiar. 
The radial velocity derived from the Wg 11 line differs from that derived from the other 
lines. 

In the course of our work on radial velocities of A-type stars, 
I noticed, several years ago, that the star 17 Leporis appeared to 
have a variable spectrum: on a plate taken on December 6, 1912 
very few absorption lines could be seen, while two other plates, of 
January 23 and of February 1, 1925, displayed a spectrum with 
many unusually strong lines of 77 1 and Fe 1. A note to this effect 
was published in the Yerkes catalogue of radial velocities of A-type 
stars.’ Unfortunately the first plate was badly underexposed ‘and 
could not be used for a more detailed study of the spectral variations. 

Additional spectrograms were secured on December 24 and 28, 
1928, and on January 2, 16, and 30, 1929, but all of them resembled 
the spectra taken in 1925. However, on a plate taken by Mr. P. C. 
Keenan on October 109, 1930, I find that the star has reverted to the 
type of spectrum having weak lines. To confirm this two additional 
plates were taken, one on October 20 by Mr. W. W. Morgan and the 
other on October 22 by myself. This remarkable change in the 
character of the spectrum between the years 1929 and 1930 is shown 
in the reproductions herewith (Plate XIV). The original spectro- 
grams were taken with the Bruce spectrograph attached to the 4o- 
inch refractor, and have a linear dispersion of 30 A per millimeter at 
4 4500. The two spectra were taken on Eastman-4o plates and 
were both developed in Eastman D 11. They were treated in exactly 


t Publications of the Yerkes Observatory, 7, Part I, 28, 1929. 
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the same manner in making the enlargements. The 1930 plate shows 
only faint lines of 77 m and Fe 11, while the 1929 plate resembles 
the spectrum of the supergiant 7 « Aurigae, although the spectral 
type of 17 Leporis is distinctly the earlier of the two, about A8. The 
change is readily seen by comparing the ratio of the intensities of 
two lines, such as 77 11 \ 4468 and Mg 11 \ 4481, on one plate with 
the ratio of the intensities of the same lines on the other plate: In 
1929 the titanium line is very much stronger than the magnesium 
line, while in 1930 magnesium is slightly stronger than titanium. 
A preliminary study of the plates discloses the following facts: 

1. Various elements are affected in various degrees by the spectral 
changes. The greatest change in intensity is recorded for the Sc 1 
lines: Thus \ 4247 (not shown in the plate) is very strong in 1929 
and very weak in 1930. The enhanced titanium lines, 77 1, are af- 
fected nearly as much (e.g., AX 4468, 4501, 4564, 4572, etc., in the 
plate). Several arc lines of Fe I (X 4045, etc.) are well visible in 1929, 
but cannot be discerned in 1930. The enhanced iron lines, Fe 11, are 
affected to a less extent than the 77 11 lines. This is shown by com- 
paring 77 m1 X 4501 and Fe mt Xd 4508: In 1929 the 77 11 line is much 
the stronger, while in 1930 the intensities are about the same. The 
line Mg 11 d 4481 is of the same intensity on both plates, and this is 
also true of the hydrogen lines. 

2. Several strong lines of 7711 and of Fe are close doubles in 
1930, while they are single on the plate of 1929. The violet com- 
ponent is slightly stronger than the red. The Sc 1 line at \ 4247 is 
also double, but in this case the red component is much stronger. 
It is reasonably certain that the splitting into two components does 
not account for the general weakness of the lines in 1930. Thus Mg 
1 \ 4481, which also shows traces of doubling or broadening, is 
equally strong on both plates. Furthermore, the sum of the inten- 
sities of the two narrow components in 1930 is not sufficient to equal 
the great intensity of the lines in 1929. 

3. The radial velocity from the Mg 1 line \ 4481 does not agree 
with that obtained from the lines of 77m and Feu. This may be 
seen from the reproduction, since the wave-length of the titanium 
comparison line (A 4481.251) coincides almost exactly with that of 
the Mg 11 line (A 4481.230). In 1929 the displacement is a little to- 
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ward the red. At the same time the 77 1 lines (AA 4444, 4468, 4501, 
etc.) give large negative displacements. A similar difference is ob- 
served in 1930. 

4. The hydrogen lines are peculiar: a very strong core of absorp- 
tion, resembling the deep hydrogen lines in e Aurigae, is unsym- 
metrically superimposed over a broad and hazy absorption band. 

It may be noted that 17 Leporis was announced as a spectro- 
scopic binary by R. E. Wilson at the Lick Observatory.’ The range 
in velocity from the Lick and Yerkes spectrograms is more than 60 
km/sec., but no orbit has been derived.? Wilson had also noted the 
discrepancy in radial velocity between the lines of Mg 11 and other 
elements. Our plates do not, however, confirm the existence of oxy- 
gen lines in this star. J. Stebbins used 17 Leporis as a comparison 
star in his photo-electric observations of 8 Canis Majoris, but no 
variation was found over a period of 34 days. No other observa- 
tions of the brightness of 17 Leporis are known to me.‘ The position 

4 7c sc — Kham - nw 0 ,. > ener — 
of 17 Leporis for 1900 is a=6"o0™s5, 6= —16-29'; the spectrum was 
classified at Harvard as Ao, and the photometric magnitude was 
given at 5.04. A more detailed discussion of the observations, in- 
cluding the radial velocities, will be reserved until more material 
will be available.‘ 

YERKES OBSERVATORY 

October 22, 1930 

t Lick Observatory Bulletins, 8, 81, 1914. 

2 Publications of the Lick Observatory, 16, 85, 1928; Publications of the Yerkes Ob- 
servatory, 7, Part I, 28, 1929. 

3 Publications of the Washburn Observatory, 15, 75, 1928. 

4M. Giissow und P. Guthnick, Kleinere Veréffentlichungen der Universitats-Stern- 
warte zu Berlin-Babelsberg, No. 8, 1930. 

5 Since this note was written, seven more spectrograms of 17 Leporis have been 
obtained, mostly with the dispersion of three prisms. The intensity of the enhanced 
lines has gradually increased, and in December 1930 the star was definitely approaching 
the type of spectrum illustrated in the plate, for January 2, 1929. There is a suspicion 
of an emission line on the red side of the absorption line 78. The three-prism spectro- 
grams show interesting changes in the contours of the absorption lines. 
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Theory of the Potential. By W. D. MACMILLAN. McGraw-Hill Book 
Co. Pp. xili+469. Figs. 111. $5.00. 

In 1886 B. O. Pierce published a small volume on the Newtonian poten- 
tial function. In the forty-one years following that date, no book on po- 
tential theory was published in this country or, for that matter, in the 
English language. It should be a matter of pride that we now have three 
splendid books on potential theory by American authors. These three are 
The Logarithmic Potential, Discontinuous Dirichlet and Neuman Prob- 
lems, by G. C. Evans (1927); Foundations of the Potential Theory, by O. D. 
Kellogg (1929); and the volume here under review, Theory of the Potential, 
by W. D. MacMillan. In interest of content, in sound scholarship, and in 
clear exposition all three of these books are real additions to that growing 
literature which proves that American science has come of age. Inciden- 
tally, the three volumes supplement one another almost as accurately and 
completely as though the three authors had agreed in advance on the 
boundaries of their own preserves. 

Professor MacMillan’s Theory of the Potential forms the second volume 
of his treatise on theoretical mechanics. The spirit and purpose of the 
first volume—Statics and the Dynamics of a Particle—carry over success- 
fully to this second volume. The author has, by his own statement, a dual 
purpose, “to give the reader a connected account of a certain field of 
mechanics which is very useful from the point of view of a physicist and 
very beautiful from the point of view of a mathematician.” Professor 
MacMillan has been successful in fulfilling his purpose. He has the pe- 
culiar ability, perhaps derived from his familiarity with the older natural 
philosophers, to deal with such a subject in an intensely practical way 
without robbing it of any of the beauty of its analytical structure. The 
book has more really interesting practical examples and illustrations than 
any other volume on this subject familiar to the reviewer. On every page 
the reader feels himself rubbing shoulders with nature, and yet this prac- 
tical aspect is not gained, as some authors falsely believe can be done, by 
using loose arguments or by dodging analytical difficulties. The author is 
too able to have to content himself with a middle ground, and there is 
probably no other book on the subject which is, so to speak, both as 
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physical and as mathematical as is this one. It contains, for example, a 
considerable amount of highly interesting mathematical material which 
is not found in Poincaré’s well-known treatise, and it contains many con- 
crete cases and important illustrations also not found in the French 
classic. 

In the first two chapters the reader studies the attraction and potential 
due to a large number of special line, surface, and volume distributions of 
matter, such as a straight line, a circular arc, a circular disk, a rectangular 
plate, an ellipsoidal homeoid, the frustum of a cone, a sphere or spherical 
shell, a solid ellipsoid, a spheroid, an elliptic cylinder, a right parallelo- 
piped, etc. Along with these special examples one becomes acquainted 
with the simpler of the fundamental definitions and theorems relating to 
the Newtonian potential function, the existence of it and of its partial 
derivatives, its behavior at infinity, etc. One notes here, as throughout the 
book, the fine balance of theory and practice, of old and new. In the study 
of ellipsoids, the classical results of Ivory and MacLaurin are given; and 
at the same time the complicated expressions for the potentials are all 
reduced to forms practical for actual computation before the discussion 
is concluded. 

The third chapter gives an excellent development of the analytical speci- 
fication of vector fields, including the theorems of Green and of Gauss and 
their applications to the study of harmonic functions. Chapters iv and v 
are chiefly concerned with surface distributions of matter. The study of 
the potential due to such distributions and of the first and second deriva- 
tives follows, in general, the lines laid down by Poincaré. The author 
devotes, however, considerable space to the study of level layers and their 
properties, since he later intends to base his general existence proofs on 
the existence theorem for a level layer on a given surface. Chapter vi 
studies double-layer distributions, partly on account of the importance 
of this theory in electrical problems, and also because of the application 
of the ideas to the proof of Dirichlet’s principle. This fundamental prin- 
ciple is discussed at length, the proofs of Neumann and Poincaré being 
presented in detail and with great clarity. One may remark, relative to 
this central problem of potential theory, that Professor Kellogg’s book 
treats this whole question from the point of view of integral equations; 
while Professor Evans, who is almost exclusively concerned with this 
same topic, is interested (as is also Professor Kellogg) in gaining as great 
as possible generality for this principle by weakening as far as possible the 
hypotheses under which it holds. Chapter vii contains an exposition of 
the theory of spherical harmonics, while in chapter viii is brought together 
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what the reviewer believes will prove to be an exceedingly useful treat- 
ment of ellipsoidal harmonics. 

The book is well printed. There are over one hundred well-drawn 
figures. Only a very few and entirely unimportant typographical errors 
were noted. It appears to be a very teachable volume, although few 
classes will be able to accept all it offers. There are problems for the stu- 
dent to work, but only fifty-five of them. This trivial criticism is the only 
adverse one the reviewer has to make, for this is a complete, a scholarly, 
and a satisfying book. 

WARREN WEAVER 


UNIVERSITY OF WISCONSIN 


CORRIGENDUM 

In Plate XI of this volume, facing page 187, in the article by C. D. 
Higgs entitled “Note on the Variable Lines of Hydrogen in the Spectrum 
of 52 m Aquarii,” the first stellar spectrum represents the normal Bo 
star 47 p Leonis. The dates for the spectrograms of 52 m Aquarii are, 
reading from the top, for HB: 1915 July 30; 1919 Nov. 17; 1928 Sept 16; 
1928 Sept. 20; 1930 May 16; 1930 Aug. 21; 1930 Sept. 6. For Hy they 
are 1915 July 30; 1919 Nov. 17; 1928 Sept. 16; 1928 Sept. 20; 1930 Aug. 
21; 1930 Sept. 6. The spark spectra of 7i and Fe were used for compari- 
son. All the spectra are reproduced as negatives. 

Also in Figure 1, page 188, abscissae are in Angstroms and ordinates 
are percentages of emission or absorption. 
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is given an explanation that follows logically from the primary principles 
of the hypothesis. 
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recognition of their bi-parental genesis—one parent common to both and 
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gin of the earth he traces the whole chain of parentages of our planet and 
its kin, as well as its wayward relatives, back to their stellar parentages. 
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To the readers of the Astrophysical Journal: 

The Volume VII of the Annual Tables is just published; it contains a chapter on “SPECTROS- 
COPY” particularly important. The division on emission spectra has been written by M. Brun- 
inghaus and the one on absorption spectra by Professor Victor Henri; this latter part is an original 
work of considerable value. 

This SPECTROSCOPY chapter consists of a special reprint of 514 pages the price of which is 


(bound capy) $7.60. 
The readers of the Astrophysical Journal will receive a reduction of 50 per cent on the above 


price ($3.80) by sending their orders direct to the Secretary of the International Committee: 


M. C. MARIE 
9, rue de Bagneux, Paris VI° 








accompanied by the amount in acheckona Paris bank; or a money order, in the name of M.C. Marie. 
Important notices—a) In this chapter—as in the whole of Volume VIJ—all explanations to the 
tables are given in both English and French. 

6) Reprints of Spectroscopy from previous volumes will also be sent to you with a 50 per cent 
reduction. 


























